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1. Purpose

This AC provides guidance on the implementation of fuel efficiency certification requirements for airplanes.
These guidelines provide an acceptable means of demonstrating compliance with the regulations of Title 14
of the Code of Federal Regulations (14 CFR) part 38. The methods and procedures described herein have
been proposed as recommended certification practice for showing compliance with the fuel efficiency
requirements.

See Appendix 2 for a list of acronyms, abbreviations, and symbols used in this AC.

1.1 Contents

This Advisory Circular (AC) contains information describing the standards and requirements for new
aircraft fuel efficiency regulations as finalized in 14 CFR part 38 in [insert effective date of part 38]. The
information contained in this document sets forth acceptable means, but not the sole means, by which
compliance may be shown with the requirements of 14 CFR part 38 (part 38).

In this AC, the word “paragraph” is used to refer to a part of the AC. The word “section” (or the symbol “§”)
is used to refer to a part of a regulation or statute.

Pursuant to Sections 231 and 232 of the Clean Air Act Amendments of 1970 (42 USC 8§87571-7572),
FAA’s part 38 fuel efficiency regulations implement the standards adopted by U.S. Environmental
Protection Agency (EPA) in 40 CFR part 1030 (see paragraphs 4.1 - 4.3 of this AC). Any deviations from
the procedures required under those regulations must be coordinated and approved by the Administrators
of both the EPA and FAA (see paragraphs 4.2 and 4.3 of this AC). Users of this AC, and those subject to
the regulations of part 38, are responsible for cognizance of any later amendments to 40 CFR part 1030
that may not be reflected immediately in 14 CFR Part 38 or this AC. In such instances, applicants may
contact the AEE-300 Emissions Division Manager with the FAA Office of Environment and Energy at 202-
267-3566 for further guidance.

1.2 Advisory Nature

The contents of this AC do not have the force and effect of law and are not meant to bind the public in any
way. This AC is intended only to provide information to the public regarding compliance with existing
requirements under the law or agency policies. The use of mandatory language, such as “must” and
“require” in this AC describe a mandatory requirement established by statute or regulation that exists
independent of the material in this AC. The term “should” is used in this AC to indicate a recommendation
described in this document and not a requirement. This AC describes one or more acceptable means, but
not the only means, of complying with part 38 fuel efficiency certification standards. If an applicant chooses
to use the guidance presented here as an acceptable means of compliance, it must be followed in all
respects to be considered a valid means of compliance.

1.3 Audience

The intended audience for this AC includes airplane performance engineers, engine specialists, and
propulsion engineers from the FAA’s Aircraft Certification Service (AIR) and Aircraft Certification Offices
(ACOs), aircraft and aircraft engine industry specialists, aircraft certification applicants, Designated
Engineering Representatives (DERSs), Organization Designation Authorization (ODA) Unit Members (UMs),
other certification authorities, airlines, airport operators, engineering and scientific communities, and other
persons that are interested in the certification of airplanes to the fuel efficiency standards of part 38.

1.4 Intent
The intent of this AC is to provide guidance for complying with the fuel efficiency requirements of part 38.
1.5 Approval of Equivalent Procedures

Applicants may submit equivalent testing, measurement, and data reduction procedures in order to comply
with part 38 airplane fuel efficiency regulations that apply to their airplane. Any alternative must be
approved by the FAA’s Office of Environment and Energy (AEE), at FAA Headquarters in Washington DC.
Further information on equivalent procedures is provided in paragraph 6.4 of this AC. If you have further
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157 questions, please contact the AEE-300 Emissions Division Manager with the Office of Environment and
158 Energy at 202-267-3566.

159 1.6 FAA Certification Process

160 As a part of its certification responsibilities, the FAA may verify and validate airplane fuel efficiency

161 certification methods and data', or the agency may, if appropriate, delegate that responsibility to the

162 aircraft manufacturers through a designee? or Organizational Designation Authorization (ODA). Agency
163 employees may also consult FAA Order 8110.4C3, Type Certification, and the FAA and Industry Guide to
164 Product Certification, Third edition, May 20174 for more information on the agency’s certification processes
165 and procedures. Questions regarding compliance, or to request a deviation from the requirements of part
166 38 should be directed to AEE. Please contact the AEE-300 Emissions Division Manager in the Office of

167 Environment and Energy at 202-267-3566.
168 1.7 Related Documents

169 Part 38 contains the fuel efficient certification requirements for certain airplanes. These regulations

170 reference or are related to the following::

171 . Clean Air Act (CAA) 88 231-232 (Aircraft Emissions Standards), 42 USC 88§ 7571-7574.

172 . 40 CFR part 1030, Control of Greenhouse Gas Emissions from Engines Installed on Airplanes
173

174 Part 38 requirements are also referenced in the following regulations in 14 CFR:

175 . Part 21, Certification Procedures for Products and Articles

176 o Sections 21.5,21.17, 21.29, 21.93, 21.101, 21.115, 21.183, and 21.187.

177 . Part 121, Operating Requirements: Domestic, Flag, and Supplemental Operations

178 o Section 121.141.

179 . Part 125, Certification and Operations: Airplanes Having a Seating Capacity of 20 or More

180 Passengers or a Maximum Payload Capacity of 6,000 Pounds or More; and Rules Governing Persons on
181 Board such Aircraft.

182 o Section 125.75.

183

184 1.8 Definitions and Abbreviations/Acronyms/Symbols

185 Definitions, abbreviations, acronyms and symbols used in this AC that are not listed in §38.3 are included
186 in Appendices 1 and 2 to this AC.

187 2. References

188

189 This AC references the following:

190 (1) Clean Air Act Amendments of 1970 (CAA), 42 U.S.C. § 7571 et seq.

191 (2) Control of Greenhouse Gas Emissions from Engines Installed on Airplanes; Emission Standards
192 and Test Procedures, 40 CFR part 1030.

193 (3) International Civil Aviation Organization (ICAO) International Standards and Recommended

194 Practices, Annex 16 — Volume IIl — Aeroplane CO2 Emissions, May 2019

114 CFR part 38: Subpart B

2 See 14 CFR part 183, Representatives of the Administrator

3 https://www.faa.gov/requlations_policies/orders_notices/index.cfm/go/document.information /documentid/15172
4 https://www.faa.gov/aircraft/air _cert/design_approvals/media/CP1_guide.pdf

2
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(4) International Civil Aviation Organization (ICAO) Environmental Technical Manual (Doc 9501),
Volume Ill — Procedures for the CO2 Emissions Certification of Aeroplanes, May 2019

3. [Reserved]

4. Development of Airplane Fuel Efficiency Regulations

The United States is one of 192 signatory states to International Civil Aviation Organization’s (ICAQO)
Convention on International Civil Aviation (the Chicago Convention). In March 2017, the ICAO Council
adopted a new CO2 Emissions Certification Standard with an effective date of July 2017. The ICAO
considered three categories of technology associated with the fuel efficiency of an airplane design
(propulsion, aerodynamics and structures) in its adoption of a CO2 emissions certification standard for
airplanes

4.1 Establishment of Airplane Fuel Efficiency Regulations

49 USC § 40105(b)(1)(A) states that the Secretary of Transportation and FAA Administrator shall act
consistently with obligations of the United States Government under international agreements. For
development of aviation emissions standards, the FAA leads the U.S. delegation at ICAO meetings with
assistance from the EPA. Under Article 12 of the Chicago Convention, the United States, as a contracting
state, is to keep its regulations uniform, to the greatest extent possible, with those established under the
Convention.

4.2 Relationship Between the EPA and the FAA

The Clean Air Act authorizes the EPA to set standards for aircraft engine emissions in the United States
(42 USC §7571 et seq.), while the FAA is authorized to enforce those standards under delegation from the
Secretary of Transportation (42 USC §7572). The CAA establishes the EPA’s authority to promulgate
ICAO’s emissions standards domestically in CAA § 7571:

(2)(A) The Administrator shall, from time to time, issue proposed emission standards applicable to
the emission of any air pollutant from any class or classes of aircraft engines which in his
judgment causes, or contributes to, air pollution which may reasonably be anticipated to
endanger public health or welfare.

(B)(i) The Administrator shall consult with the Administrator of the Federal Aviation Administration
on aircraft engine emission standards.

(ii) The Administrator shall not change the aircraft engine emission standards if such change
would significantly increase noise and adversely affect safety.

The standards promulgated by the EPA in 40 CFR part 1030 apply to certain classes of engines used by
certain civil subsonic jet and propeller-driven airplanes (40 CFR part 1030.1). In developing airplane
emissions regulations, the CAA requires that the EPA consult with the FAA Administrator and ensure that
changes to emission standards do not significantly increase noise and adversely affect safety.

4.3 Relationship Between 14 CFR Part 38 and 40 CFR Part 1030

The fuel efficiency standards in 14 CFR part 38 implement those adopted by the EPA in 40 CFR Part
1030. Accordingly, if the EPA takes any action to change any regulation or standard in 40 CFR Part 1030
that is also promulgated in 14 CFR part 38, the Administrator of the FAA will grant a general administrative
waiver of those provisions until 14 CFR part 38 can be amended to reflect the changes in 40 CFR Part
1030. The FAA will enforce the Part 1030 standards as the 14 CFR part 38 fuel efficiency regulations
during any relevant airplane type certification for which a waiver has been granted. When an airplane is
type certificated, the documentation will reflect that it complies with both 40 CFR part 1030 and 14 CFR
part 38.

4.4 Differences Between ICAO Annex 16 Volume Il and 14 CFR Part 38

Under the Chicago Convention, the FAA is obligated to notify ICAO of any U.S. regulatory differences
between the ICAO standards and those adopted in the United States. Although the EPA refers to its
standards as greenhouse gas emissions in part 1030, and the FAA refers to the standards and

3
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implementation requirements as fuel efficiency certification (or metric) in part 38, there are no substantive
differences with the meaning of these terms and no difference between U.S. regulations and Annex 16
Volume IIl have been filed.

5. Part 38 Subpart A - General
5.1 Section 38.1 Applicability

Section 38.1(a) requires fuel efficiency certification for certain subsonic jets, propeller-driven airplanes, and
modified airplanes. Each airplane is also subject to the requirements of 40 CFR part 1030. Fuel efficiency
certification applicability is based on the date for which an application for a type certificate is submitted. In
general, the standards apply to airplanes with new type designs (submitted after January 11, 2021);
airplanes that were type certificated before January 11, 2021 but continue production with certain
modifications after January 1, 2023; and all airplanes that are in production on and after January 1, 2028.
The exact terms of applicability should be determined using the language of §38.1, not from this brief
description.

For subsonic jet and propeller-driven airplanes with new type designs, part 38 applies when the criteria
shown in Table 5.1 are met. See 88 38.1(a)(1)-(3).

Table 5.1. Fuel Efficiency Certification Applicability for New Airplane Designs

For an airplane With a passenger | With a maximum For which an application

that is a:

seating capacity

takeoff mass

for type certification is

of: (MTOM) in kg of: submitted:
Subsonic Jet 20 or more > 5,700 On or after January 11, 2021
Subsonic Jet 19 or fewer > 60,000 On or after January 1, 2021
Subsonic Jet 19 or fewer > 5,700 or < 60,000 On or after January 1, 2023

Propeller-driven

> 8,618

On or after January 11, 2021

Table 5.2 shows part 38 applicability to modified versions of airplanes whose original type certificated
version was not required to have fuel efficiency certification under part 38. See 8§ 38.1(a)(4)-(5)

Table 5.2. Fuel Efficiency Certification Applicability for Modified Versions of Airplane
Designs that were not required to be certified for fuel efficiency

For an airplane that With a maximum takeoff | For which an application for

is a: mass (MTOM) in kg of: type certification is submitted:
Subsonic Jet > 5,700 On or after January 1, 2023
Propeller-driven > 8,618 On or after January 1, 2023

Table 5.3 shows part 38 applicability to the production of individual airplanes for which the airplane type
design was not originally required to meet 14 CFR part 38. See 88§ 38.1(a)(6)-(7).

Table 5.3. Fuel Efficiency Certification Applicability for Airplanes issued Airworthiness
Certificates on or after January 1, 2028

For an airplane that | With a maximum For which the original

is a: takeoff mass (MTOM) certificate of airworthiness is
in kg of: issued:

Subsonic Jet > 5,700 On or after January 1, 2028

Propeller-driven > 8,618 On or after January 1, 2028

5.1.1 Modified Airplanes

Section 38.1(b) states that part 38 fuel efficiency requirements apply to an airplane type design that
incorporates a modification, and meets the criteria in section 38.19, that changes the fuel efficiency

4
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metric value of the prior version of that airplane type design. A new airplane produced with modifications
meeting the change criteria may not exceed the applicable fuel efficiency limit of part 38. The
applicability criteria for modified airplanes is described in § 38.19 and guidance is provided in paragraph
6.8 of this AC. A modified airplane may not exceed the fuel efficiency metric value limit in § 38.17 that
was demonstrated for the prior version of the airplane.

Applicants may choose to apply for a new fuel efficiency metric certification value even when not
required by part 38.

5.1.2 Non-Applicability of the Fuel Efficiency Metric

Part 38 fuel efficiency certification requirements do not apply to the airplanes listed in § 38.1(c). These
include subsonic jet airplanes having a maximum takeoff mass (MTOM) at or below 5,700 kg (8a
38.1(c)(1)) and propeller-driven airplanes having a MTOM at or below 8,618 kg (8 38.1(c)(2)). As stated
in § 38.1(c)(3)-(7),the fuel efficiency requirements of part 38 also do not apply to: :

(1) Amphibious airplanes;

(2) Airplanes initially designed, or modified and used, for specialized operational requirements;
(3) Airplanes designed with a reference geometric factor (RGF) of zero;

(4) Airplanes designed for, or modified and used for, fire-fighting purposes; and

(5) Airplanes powered by piston engines.

Airplanes in these five categories are generally designed or modified in such a way that their designs are
significantly different from the typical passenger or cargo-carrying airplanes. Approval by AEE is required
to determine whether an airplane fits into one of these non-applicable categories, as specified in §
38.1(c)(4). Examples of specialized operational requirements include:

(1) Airplanes that are initially certified as civil airplanes during the production process but are
immediately converted to military airplanes;

(2) Airplanes with mission requirements for carrying cargo that is not possible by using less specialized
airplanes (e.g., ramped, with back cargo door);

(3) Airplanes with mission requirements for conducting very short or vertical takeoffs and landings; or

(4) Airplanes with mission requirements for conducting scientific, research or humanitarian missions
exclusive of commercial service.

5.2 Certification of Lower Takeoff Mass Variant

The reference masses used in the calculation of specific air range (SAR) are based on the MTOM, which is
defined in §38.3 as the maximum allowable takeoff mass for the type design of an airplane. For a specific
type design, applicants may develop multiple take-off mass (TOM) variants for operational purposes. The
highest TOM of an airframe/engine combination must demonstrate compliance with part 38. All lesser
TOMs are considered to have the same fuel efficiency certification value. In other words, certification at
MTOM also certifies all TOM variants. These TOM variants would have the same certified fuel efficiency
certification level as at MTOM.

Certification applicants may apply for separate fuel efficiency metric values for TOMs lower than MTOM.
For a specific type design, the calculated reference airplane mass required by §38.13(b) and the maximum
permitted fuel efficiency certification limits shown in 838.17 would be based on the additional TOM
requested to be certified (certification at MTOM would still be required). The FEM value determined for
such a TOM lower than MTOM can be also used for any TOM variants that are even lower for that specific
airplane type design.

If an applicant chooses to certify a lower TOM variant, the applicant should be aware that by design of the
FEM the highest weight variant (MTOM) of an airplane has the lowest margin to the regulatory limit level.
Certification at MTOM is required regardless of the certification of any lower TOM variants. The 1/SAR
value used in the FEM determination is calculated as an average of three reference masses (high,
medium, and low).

In establishing the reference specifications for specific air range (SAR) determination, the highest SAR
value usually will be sought at the maximum range cruise condition at the optimum reference

5
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specifications. A greater non-linearity in the 1/SAR versus mass relationship could be introduced by a
constraint unrelated to the aerodynamic and propulsive efficiency of the airplane (e.g., an altitude
pressurization limitation).

5.3 Exemptions

Pursuant to 49 U.S.C. § 44701(f), the Administrator may grant an exemption from a regulatory requirement
if the Administrator finds the exemption is in the public interest. An application for an exemption from any
requirements of part 38 must be submitted to the Administrator in accordance with part 11. For all part 38
exemption requests, denials, or grants, AEE will be the responsible FAA office and will consult with EPA’s
Designated Program Officer and other FAA offices as needed before taking any action. Petitioners for part
38 exemptions are encouraged to contact AEE prior to filing exemption requests.

5.4 Incorporation by Reference
Section 38.7 lists the documents incorporated by reference into part 38.
The ICAO documents are available for inspection at:

(1) The U,S. Department of Transportation, Docket Operations, West Building Ground Floor, Room
W12-140, 1200 New Jersey Avenue, SE., Washington, DC 20590.

(2) Each FAA regional offices in Seattle, Boston, and Kansas City,

(3) The National Archives and Records Administration (NARA), For information on the availability of
this information at NARA, call 202-741-6030 or go to
http://www.archives.gov/federal register/code_of federal regulations/ibr_locations.html

ICAO documents are available for purchase from International Civil Aviation Organization (ICAO),
Document Sales Unit, 999 Robert-Bourassa Boulevard, Montreal, Quebec, H3C 5H7, Canada.
http://www.icao.int/publications/Pages/default.aspx. Appendices 1 and 2 of ICAO Annex 16 Volume lll are
part of the following document:

International Standards and Recommended Practices, Annex 16 to the Convention on International
Civil Aviation, Environmental Protection, Volume Il — Aeroplane CO2 Emissions, First Edition, July
2017, Applicable 1 January 2018.

5.5 Fuel Efficiency Compliance Demonstration Plans

Prior to undertaking a demonstration of fuel efficiency, the applicant must submit a compliance
demonstration plan to the FAA. This plan would contain a complete description of the methodology and
procedures by which an applicant proposes to demonstrate compliance with part 38. Compliance
demonstration plans must be approved by an FAA certification office in accordance with §38.21. Use of
any equivalent procedures or technical procedures not otherwise specified in part 38 must be approved by
AEE and documented in compliance demonstration plans as stated in 838.21. The compliance
demonstration plans would include the following information:

i. A description of the applicable sections of part 38 for the airplane

ii. Airplane description: Type, model number, and if applicable, the specific design being
certificated. The applicant should demonstrate and document the conformity of the test airplane,
particularly with regard to those parts which might affect the test airplane’s fuel efficiency metric
(FEM).

iii. FEM certification methodology which should include the means of compliance and proposed
equivalent procedures.

iv. Test plan that would include:

a. Test description. Test methods to comply with the test stability conditions in Appendix A
§ A38.4.2.2.2 of part 38;

b. Test points. The planned number of test points and the planned test conditions in terms
of weight or mass, center of gravity position, altitude, and speed;
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c. Airplane mass. The procedures for determining the mass of the airplane is in Appendix
A § A38.4.2.3 of part 38; and

d. Test fuel properties. The procedures for determining the test fuel properties is in
Appendix A § A38.4.2.1.3 and A38.4.2.1.4 of part 38.

V. Deliverables: List the documents that should show compliance with Appendix A § 38.6 of part
38.

5.6 Fuel Efficiency Compliance Demonstration for Airplanes with Intermixed Engines

Typically, an applicant demonstrates compliance with part 38 for an airplane type design in which all
engines are of the same design. If there are engines of different design on an airplane, the design is
commonly referred to as having an “engine intermix” configuration, An applicant may choose to
demonstrate compliance of an airplane type design that includes an engine intermix.

In such a case, the applicant may, subject to the approval of the FAA, demonstrate compliance in one of
three ways:

a. Inaccordance with the test procedures defined in part 38, the test airplane must be
representative of the intermix arrangement for which certification is requested; or

b. In cases where the FEM value has been established for airplanes on which each of the intermix
engine models has been exclusively installed, compliance can be demonstrated on the basis of
either:

i. The average of the fuel efficiency evaluation metrics for identical airplanes on which
each of the intermix engine models has been exclusively installed; or

ii. The highest fuel efficiency evaluation metric for identical airplanes on which each of the
intermix engine models has been exclusively installed.

In the case of time-limited engine changes, an applicant may not be required to demonstrate compliance with
part 38. However, the final approval of such changes and the associated compliance demonstrations must
be done by the FAA.
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6. Expanded Discussion of 14 CFR part 38 Subpart B Requirements
6.1 Fuel Efficiency Metric

The fuel efficiency metric (FEM) in § 38.11 is a measure of airplane fuel efficiency. The FEM system is
intended to promote advances in technologies that contribute to improvements in fuel efficiency (structural,
propulsive, and aerodynamic efficiencies) as well as differentiate among generations of such technologies. In
addition, the fuel efficiency metric system was designed to accommodate a wide range of technologies and
designs that manufacturers may employ to improve the fuel efficiency of an airplane. The FEM system is
based on three elements associated with airplane technology and design:

1. Cruise point fuel burn performance;
2. Airplane size; and
3. Airplane mass.

Section 38.11 requires that for each airplane subject to part 38, a fuel efficiency metric value is calculated
using the following equation (rounded to three decimal places):

(577).0y

Fuel Ef ficiency metric value = “RCEO2*

The specific air range (SAR) is determined in accordance with § 38.13.The reference geometric factor (RGF)
is determined in accordance with § 38.15. SAR is expressed in units of km traveled per kg of fuel burned,
while RGF is dimensionless. The FEM value uses the inverse of SAR, (1/SAR)avy, SO FEM is expressed in
units of kg of fuel burned per km of flight. The fuel efficiency metric is determined using an average of three
SAR test points that are normalized by RGF, which is a geometric factor representing the physical size of an
airplane. A lower FEM value represents greater fuel efficiency. An overview of the fuel efficiency metric
system elements is shown in the schematic diagram below.

Unlike the specific fuel consumption (SFC) of an engine, which provides the engine’s fuel consumption per
unit of thrust (i.e., fuel efficiency of thrust production by an individual engine), SAR is a measure of fuel
efficiency at the airplane level. Specifically, SAR provides the distance an airplane can travel per unit of fuel
(i.e., fuel efficiency of an airplane in level cruise flight). Airplane fuel efficiency defined by SAR is commonly
used by airplane manufacturers when describing airplane fuel efficiency performance to customers (e.g.,
airlines).

Fig. 6.1. Overview of the fuel efficiency metric system

Metric Correlating Parameter
[ \ |
(1/SAR)/RGF%-% MTOM
Specific Air Range (SAR) | Reference Geometric Factor (RGF) Airplane Maximum Take-off Mass
(MTOM)
SAR is the distancean RGF is an adjustment factor based on a
airplane travels in the measurement of airplane fuselage size | MTOM is the highest of all take-off
cruise flight phase per derived from two-dimensional masses for the type design
unit of fuel consumed. | projection of the fuselage.

6.2 Specific Air Range
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As discussed in paragraph 6.1, Specific Air Range (SAR) is a measure of airplane cruise performance that
provides the distance an airplane can travel on a unit of fuel.

In accordance with § 38.13(a), for each airplane subject to part 38, the SAR value is calculated by using
either direct flight test measurements or using a performance model that is (i) validated by actual SAR flight
test data; and (ii) approved by the FAA before any SAR calculations are made.

The value of 1/SAR varies with airplane gross mass and is measured at three certification test points based
on gross mass. Section 38.13(b) provides that for each airplane model, a 1/SAR value is determined at each
of the following reference airplane masses:

(1) High Gross Mass: 92 percent MTOM.

(2) Low Gross Mass: (0.45 * MTOM) + (0.63 * (MTOM"0.924)).

(3) Mid Gross Mass: simple arithmetic average of high gross mass and low gross mass
where MTOM is expressed in kilograms (kg).

Each of these certification test points represents an aircraft cruise mass that regularly occurs in service. The
three reference airplane masses were chosen with the objective of making the evaluation of fuel burn
performance relevant to day-to-day aircraft operations, and to make sure that the entire envelope of cruise
operations is accounted for. These three 1/SAR values, calculated at each of three certification test points in
accordance with §38.13(b), are weighted equally to give a single metric value. Section 38.13(c) requires that
the value for (1/SAR)avg be obtained from the three 1/SAR points calculated in Section 38.13(b), and
subsequently used to determine the fuel efficiency metric value described in §38.11. An illustrative example
of the three representative cruise points is shown in the Figure 6-2.

Fig. 6.2. An illustration of the three representative cruise points.

The SAR values for each of the three reference masses defined in § 38.13(b) are to be calculated either
directly from flight measurements taken at each valid test point adjusted to reference specifications, or
indirectly from a performance model that has been validated by the test points, as required by § 38.13(a).
The final SAR value for each reference mass is the simple arithmetic average of all valid test points at the
gross mass, as in stated in § A38.5.2.3.1. No data acquired from a valid test point shall be omitted unless
approved by the FAA, as stated in Appendix A § A38.5.2.3.1.

Note.— Extrapolations consistent with accepted airworthiness practices to masses other than those tested
may be allowable using a validated performance model. The performance model must be based on data
covering an adequate range of lift coefficient, Mach number, and thrust specific fuel consumption. There
must be no extrapolation of these lift coefficient, Mach number, and thrust specific fuel consumption . Use of
any performance model is subject to AEE approval.
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6.3 SAR Data Analysis

The SAR data used to demonstrate compliance must consider both the selection of flight test data gathered
during each test condition used for each individual SAR point, as well as the distribution of the resulting
corrected SAR points relative to the three reference masses and the reference specifications.

6.3.1 SAR Measurement System

As stated in § A38.5.1.6 of part 38 Appendix A, the SAR measurement system consists of the instruments
and devices, including any associated procedures, used to acquire the parameter values that are necessary
for determination of the SAR for each flight test condition. Section A38.5.1.8 prescribes an accuracy level
(1.5%) that much be achieved by the measurement system for the resulting SAR values to be used without
penalty. If this accuracy level is not achieved, the resulting SAR values will be penalized by the amount the
measurement system error exceeds the 1.5% accuracy level.

Section A38.5.1.7 defines the accuracy level of the measurement system to be the root sum of squares
(RSS) of the accuracies of the individual elements that make up the measurement system. The individual
elements of the measurement system are identified in § A38.5.1.6. The RSS of the measurement system is

determined from the equation, RSS = VA2 + B% + C% + --- Z2 where A, B, C, -+ Z, are the accuracies of each
of the individual elements of the measuring system. The individual elements must meet the accuracy
requirements when showing compliance with part 38.

6.3.2 Selection of Flight Test Data

There are a number of methods that may be used by different airplane manufacturers in selecting flight test
data for analysis, reflecting a variety of tools and practices used within the industry. Whichever method is
chosen, the flight test data chosen by an applicant within a selected time frame for an individual SAR data
point must meet the stability criteria detailed in 8 A38.4.2.2.2 or alternative stability criteria approved by the
FAA as described in 8§ A38.4.2.2.3. Test data that do not meet these stability criteria would normally be
discarded if not needed. However, if such test data appear to be valid when compared with data that meet
the stability criteria, and the overall stability of the conditions is reasonably bounded, these data can be used,
subject to FAA approval.

One acceptable method is to employ an algorithm that automatically selects the data that meet all the
stability criteria and discards data that do not. This method could be used to select the longest possible
duration SAR point that meets the required stability criteria, or to select multiple SAR points of the minimum
requirement duration (one minute), provided that these points are separated by a minimum of two minutes or
by an exceedance of the stability criteria, as specified in 8§ A38.4.2.2.2. Using a defined algorithm to select
data in an automated process allows repeatable and consistent application to other SAR points. This method
may also yield a greater number of SAR points to be used in defining the FEM value and should represent a
good statistical distribution. However, because the amount of test data included in each SAR point is
maximized, the resulting SAR points could exhibit more scatter than if additional selection criteria are used.

Another method for the selection of flight test data is to more closely examine the collected flight test data
and select the time frame to be used to define the SAR point by choosing the best or most stable data
available and ignoring less stable data that technically still meet the stability criteria. Examples of this are
presented in Figures 6-3 and 6-4.

Figure 6-3 shows that the plotted parameters stay within the tolerances allowed by the stability criteria for the
duration of the test condition. (The changing altitude after the end of the condition reflects pilot input to leave
steady flight and transition to the next test condition.) While all parameters are within the required tolerances
as specified in § A38.4.2.2.2, fluctuations in ambient temperature and Mach are evident. Figure 6-4 shows

the same data, but with a manually selected range of shorter duration where the parameters are more stable.

10
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Figure 6-3.

Flight test data time interval selection — Example 1
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Figure 6-4. Flight test data time interval selection — Example 2

Selecting data that meet more demanding stability criteria, instead of using all data that meet the stability
criteria indicated in § A38.4.2.2.2, may allow the applicant to filter out observed instabilities caused by air
quality, changing environmental conditions, flight control inputs, and airplane system dynamics. This could
result in a SAR point that is more representative of actual airplane performance.

Whichever approach the applicant takes to select data to define SAR points, the methodology needs to be
applied as consistently as possible to minimize potential unseen bias in the resulting distribution of SAR
points.

Another important aspect to consider when selecting data is to ensure that the time interval chosen is
representative of the airplane’s performance and not indicative of a larger trend. For example, the first plot in
Figure 3-3 shows a trend line drawn through ground speed data over a 60-second time interval. This ground
speed data meets the stability criteria and, taken alone, would indicate the need for an energy correction.
However, if the ground speed data trace was continued over a longer time interval, it becomes apparent that
it exhibits cyclical behaviour. Cyclical data need not necessarily be discarded, but the applicant should
ensure that an appropriate time interval is selected such that the arithmetic average is representative. In the
example shown in Figure 6-5, an energy correction would be inappropriate.

12
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Figure 6-5. Cyclical behaviour example
6.3.3 Distribution of Resulting SAR Points

Once the individual SAR points have been selected and corrected to reference specifications, they need to
be examined to ensure they reflect an accurate representation of the airplane’s performance.

For example, if direct flight test is being used to collect 6 SAR points targeting one reference mass, those 6
points, when corrected to reference specifications, should result in a reasonable grouping. If 5 of the points
form a reasonable grouping and one point is a clear outlier, the outlier may require closer scrutiny to ensure
it is actually representative. In such a situation, collection of additional data may be warranted or, if
appropriate, and subject to the approval of the FAA, the offending data point could be discarded.

If the applicant conducts tests across a range of weights to build a regression line of SAR versus weight, the
collected SAR points should be reasonably distributed across the weight range. If a large portion of the
regression line is unsupported by data, or is anchored by a single SAR point, then the SAR determined for
one of the reference masses may be an outlier. This is an important aspect to consider during the
development of the certification plan and flight test program. As with the direct test method, if a single SAR
point appears to be an outlier compared to the rest of the data points, it needs to be examined more closely
and may potentially be discarded.

The applicant should investigate the collection of SAR points for potential sources of unintended bias. An
example would be where all of the data points collected were during periods where ground speed was
increasing. If all of the test points require a large energy correction in one direction, resulting in all SAR
points being significantly increased (or decreased), further scrutiny may be needed to ensure that a bias is
not introduced, depending on the test data and correction techniques being used.

6.3.4 Correction of SAR Data to Reference Specifications

13
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To ensure that the SAR data has a consistent baseline for use in determining the FEM, the SAR data must
be corrected to a set of reference specifications as required by 8 A38.2. One set of methods for correcting
the SAR data to reference specifications, but not the only acceptable methods, is provided in Appendix 3 to
this AC.

6.4 Equivalent Procedures

This section provides examples of equivalent procedures. The use of these procedures must be approved by
FAA in accordance with § 38.21. Section 38.13(a) establishes the methods of compliance as being direct
flight test or by use of a validated performance model. For example, if an application for certification of a fuel
efficiency metric value involves only a minor change to an airplane type design, the resulting change in the
fuel efficiency metric value may be established using an equivalent analytic procedure approved by the FAA.

6.4.1 Approval based on existing data

Using existing data, applicants should develop a regression curve approach for SAR values across the gross
weight (MTOM) range. This regression curve approach using existing data could be used in situations such
as:

a) The existing model used company test data that may have not been witnessed by the FAA or
documentation of the conformity of the airplane type design may not have been provided to the
FAA, but the data obtained are found acceptable by the FAA at the time of certification.

b) The accuracy of the instrumentation and the data reduction processes may not have been
documented sufficiently for certification, or the original documentation may not have been
retained, but the data available are found acceptable by the FAA at the time of certification.

6.4.2 Approval of a change based on back-to-back testing

The use of back-to-back test data may be requested by applicants as an equivalent procedure for
determining the FEM for a relatively small type design change (e.g., antenna installations or other simple
drag changes). Back-to-back testing for determining a FEM value change means that a test is first completed
without the change applied to the airplane, and then the test is repeated with the change made to the
airplane. The difference in the FEM values of the before and after tests is presumed to be the result of the
change on the airplane FEM value. This approach will typically not be appropriate for engine changes where
the specific fuel consumption (SFC) of the engine may change due to internal changes. This compliance
approach will likely be especially useful for supplemental type certificate (STC) modifiers who do not have
access to the original flight test data from the airplane manufacturer.

c) Back-to-back testing should be performed on the same airplane and engines with the
modification installed and not installed.

d) Instrumentation adequate to provide data meeting the accuracy requirements of the standard
should be installed in the test airplane.

e) The data reduction and comparison processes must be approved by the FAA in accordance with
§ 38.21.

6.4.3 Approval of a change based on analysis

The use of analytical processes may be requested by an applicant to evaluate a change to the FEM of a
previously approved airplane type design, and establish compliance with § 38.17; the analytical processes
must be approved by the FAA in accordance with § 38.21. Paragraphs 6.4.3.1 and 6.4.3.2 below provide a
non-exclusive list of possible analytical methods, but do not preclude the use of other equivalent procedures.

14
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602 6.4.3.1 Changes affecting characteristics of airplane aerodynamics

603

604 Subject to approval by the FAA, methods available to evaluate the effect of aerodynamic changes on
605 airplane drag could include:

606

607 a) Semi-empirical methods (SEM),

608 b) Computational fluid dynamics (CFD),

609 ¢) Computational fluid dynamics combined with computational structural mechanics (CFD-CSM), and
610 d) Wind tunnel testing.

611

612 The FAA’s approval for the use of the above analytical methods to evaluate a change to the FEM value
613 may depend on the type of airplane modification as listed below.

614

615 a) For design changes affecting parasitic drag and/or profile drag (e.g., friction drag and/or viscous
616 pressure drag), SEM, CFD, or wind tunnel testing could be used. In this case, it is assumed that airplane
617 aeroelastics are not affected.

618 b) For all other design changes, CFD could be used for items not affecting airplane aeroelastics,

619 CFD-CSM could be used for items affecting airplane aeroelastics, and wind tunnel testing could be used
620 in all cases.

621

622 6.4.3.2 Changes to specific fuel consumption (SFC) affected by a change to the propulsion system:
623

624 Possible methods available to evaluate the effect of propulsion system design changes on specific fuel
625 consumption (SFC) are:

626

627 a) Thermo dynamical models (engine performance decks);

628 b) Computational fluid dynamics (CFD);

629 c) Component testing;

630 d) Full engine testing; and

631 e) A combination of a) through d).

632

633 6.4.4 Approval based on first principles models

634 Introduction

635 Section 38.13(a) requires that the specific air range must be determined by direct flight test

636 measurements or the use of a performance model that is --

637 (i) validated by actual SAR flight test data and

638 (ii) approved by the FAA before any specific air range calculations are made.

639

640 A performance model is defined in 38.3 as “an analytical tool (or a method) validated using corrected
641 flight test data that can be used to determine the specific air range values for calculating the fuel

642 efficiency metric value.”

643

15
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644 Guidance on the approval of SAR values based on specific types of performance models known as “first
645 principles models” is provided below. A first principles model is defined as a tool that enables the

646 derivation of a SAR value, in given flight conditions, from flight mechanics equations using airplane

647 aerodynamics and engine performance data.

648

649 First principle models should be validated by actual SAR flight test data that is acquired in a manner
650 consistent with § A38.1.2 and as described in paragraph 6.3 of this AC. Validity of the model need only
651 to be shown for the test points and conditions relevant to demonstrating compliance with § 38.17.

652

653 The method proposed in this paragraph 6.4.4 represents one possible method to show compliance with
654 §38.17.

655

656 6.4.4.1 Selection of relevant flight test points for the model validation

657

658 First principles SAR models developed by airplane manufacturers typically cover most of the flight

659 envelope to provide many different operational fuel planning requirements. The range of flight test data
660 from these models typically spans large Mach and weight/s ranges.

661

662 The example shown in Figure 6-6 below illustrates the wide distribution of the flight test data across the
663 model, and that none of the test points generally fall exactly at the three SAR conditions defined in

664 § 38.13(b).

665

666

/ Flight test points

N
Lines of weight/d 4

m
m Three defined masses
/AN\M for CO, compliance

)/(% Data range
considered

for regression

SAR°* 8

Mach number

667
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668 Figure 6-6. Test points range

669

670 Figure 6-6 shows that the three SAR conditions required by§ 38.13(b) are relatively close to each other
671 in terms of Mach and weight/d because they represent the same optimum aerodynamic conditions.

672 Although these three SAR conditions may not have been specifically flight tested, they are generally well
673 framed by other relevant flight test data in a local Mach and weight/s range.

674

675 In order to validate the performance model in conditions relevant to demonstrating compliance with §
676 38.17, flight test points around the optimum Mach number and optimum weight/d would be selected

677 based on the following criteria:

678

679 a) Weight/s between +5 percent of the optimum weight/s; and

680 b) Mach number between -0.02 and +0.015 of the optimum Mach number.

681 Note 1.— The 15 percent value in a) is used to capture flight test points on weight/s lines above and

682 below the optimum weight/Ssincluded in the airplane manufacturer’s flight test practices.

683 Note 2.— The density of test points is generally lower at Mach numbers below the optimum Mach

684 number and higher at Mach numbers above the optimum Mach number. Additionally, the Mach effect on
685 SAR is generally less at Mach numbers below the optimum Mach number than above, and a sharp SAR
686 decrease may occur when approaching high Mach numbers. For this reason, the Mach range for the test
687 point selection is larger at Mach numbers below the optimum Mach number (-0.02) than above (+0.015).
688 Note 3.— Testing target weight/é values non-dimensionalizes the pressure altitude so that weight/&

689 varies as CL.M2. Therefore, weight/§ at a given Mach varies similarly to Cv at that Mach number.

690

691 6.4.4.2 SAR model justification

692 6.4.4.2.1 Flight test SAR versus SAR model

693

694 In order to use of first principle models to determine the SAR values for calculating the FEM,

695 manufacturers are expected to explain their modelling validation principles and show that their modelling
696 correctly matches flight test data acquired in a manner consistent with part 38 Appendix A, as described
697 in paragraph 6.3 of this AC.

698 As shown in Figures 6-7 and 6-8 below, one possible method is to present plots of percent ASAR (i.e.
699 Measured SAR minus Computed SAR) versus Mach and versus weight/5 (or CL). These should be

700 shown in the Mach and weight/s (or C.) range of the cruise envelope.

701 An increased number of test points, when available, may be used to qualitatively show that the test point
702 selection, described in paragraph 6.4.4.1 above (red points in Figures 6-7 and 6-8 below), is not

703 differently scattered or biased than other test points in the cruise envelope (green points).

704
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709 Figure 6-8. ASAR versus CL
710
711 6.4.4.2.2 SAR model presentation
712
713 The comparison of flight test points with a model does not validate how that model is built and how the
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714 optimum conditions represent the FEM. Accordingly, the SAR model used to demonstrate compliance
715 with § 38.17 must be presented to the FAA.
716
717 One possible method to present the SAR model is to present plots of computed SAR versus Mach and
718 computed SAR versus C. for the three masses referenced in § 38.13(b). (See Figures 6-9 and 6-10
719 below), and to show how the SAR model is supported by flight test data.
720
721 The objective of these plots is to show that there are no abnormal discontinuities in the Mach and Cv.
722 ranges selection around SAR conditions used for the FEM determination.
723
724
T Il
—— Low gross mass
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725
726 Figure 6-9. Computed SAR (model) versus Mach at optimum altitude
727
728
729
730
731
732
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734 Figure 6-10. Computed SAR (model) versus CL at optimum Mach
735
736 6.4.4.3 SAR model validation — confidence interval determination
737
738 As explained in paragraph 6.4.4 above, the SAR model needs to be validated under the conditions
739 relevant to demonstrating compliance with § 38.17. To be used for validation, flight test points need to be
740 selected using the criteria described in paragraph 6.4.4.1 above. The number of flight test points
741 selected will represent n measurements of SAR (SAR1, SARz, ..., SAR:) obtained in approximately the
742 same conditions of Mach and C..
743
744 Step 1 — Estimate of the mean ASAR value and of the standard deviation
745
746 For each flight test point (i), the SAR difference ASAR() between the measured SAR and the computed
747 SAR can be determined as follows (in percent):
748
749 ASARH(%) = [(Measured SAR() - Computed SAR()) / Computed SAR] x 100 (%).
750
751 The estimate of the mean ASAR value in percent, ASARave(%), can then be determined for the n
752 measurements as follows:
753
754 ASAR,y; (%) = estimate of the mean ASAR (%) = % {Zi=n ASAR(i)}(%).

20
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755 The estimate of the standard deviation of the mean is found as follows:
756
i=n o 2
757 s = estimate of the standard deviation of the mean = \/Z‘zl(ASARZ)_lASARAVG) (%).
758
759 Step 2 — Confidence interval determination
760
761 The low number of test points in a small range of Mach and C. results in a statistical population that
762 follows the Student law, and allows the 90 percent confidence interval to be defined in accordance with
763 the methodology for Direct Flight Testing, as described in appendix 4 of this AC. The objective is to
764 determine an average ASAR value (%) and its associated 90 percent confidence interval. The minimum
765 acceptable sample size is twelve points (see § A38.5.3.4.).
766
767 Following this step and using the Student t-distribution, the 90 percent confidence interval (Clgo) for the
768 estimate of the mean ASARavc can be determined as:
769
770 Cloo (%) = | ASAR G £ teosn-1) 72| (%)
771
772 where t(9s,n-1y = Student t-distribution (for 90 percent confidence) for n degrees of freedom. (See Table
773 A4-1 in appendix 4 of this AC).
774
775 Step 3 — Validity of results
776
777 Section A38.5.3.2 contains the following requirements,
778 “A38.5.3.2 If the 90 per cent confidence interval of the SAR value at any of the three reference airplane
779 masses --
780 A38.5.3.2.1 Is less than or equal to +1.5 per cent, the SAR value may be used.
781 A38.5.3.2.2 Exceeds 1.5 per cent, a penalty equal to the amount that the 90 per cent confidence interval
782 exceeds £1.5 per cent must be applied to the SAR value, as approved by the FAA.”
783
784 Applying those requirements to a use of a first principles model for showing compliance:
785
786 a) If the 90 percent confidence interval remains within the +1.5 percent limits, then the
787 ASARAave (%) value can be retained as the reference deviation for model correction.
788 b) If the 90 percent confidence interval exceeds the +1.5 percent limits, then a penalty equal to
789 the amount that the 90 percent confidence interval exceeds +1.5 percent should be applied to the
790 ASARavc(%) value, subject to the approval of the FAA. The corrected ASARavc(%) value then becomes
791 the reference deviation for the model correction.
792
793 Step 4 — SAR model correction
794
795 When used to determine the FEM, the SAR values computed with a first principles model at each of the
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three reference airplane masses must be corrected by a percentage amount that is equal to the

reference deviation determined in Step 3.

6.4.4.4. Example of the determination of 90 percent confidence intervals

The set of 12 flight test points are presumed to meet the selection criteria of paragraph 6.4.4.1 above.
The difference between the measured SAR and the computed SAR has been established as follows:

Table 6-1. Test point selection

Selected test point ASAR
number (%)

1 0.08
2 -0.6
3 -0.42
4 0.19
5 -0.43
6 0.23
7 -0.28
8 0.45
9 0.10
10 -0.28
11 -0.80
12 -0.64

a) The number of data points (n) = 12.

b) The degrees of freedom (n-1) = 11.
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812 c) The Student t-distribution for 90 percent confidence and 11 degrees of freedom (t95 11)) = 1.797.
813 (See examples in Table A4-1 in appendix 4 to this AC.).

814

815 Step 1 — Estimate of the mean ASAR (%) and of the standard deviation(s)

816

817 ASAR 1y (%) = 1—12 {Ziz12 ASAR ;) } = -0.200 %

818

819 s= JZE%Z(ASAR::ASAR"V‘;)Z = 0.39950 %

820

821 Step 2 — 90 percent confidence interval (Clgo)

822

823 Cloo= ASARsy¢ * teosin) J% = —0.200 +0.207 %

824

825 Step 3 — Check of confidence interval limits

826

827 The confidence interval extends to +0.207 percent around the mean ASAR value (-0.200 percent), which
828 is within the confidence interval limit of 1.5 percent. As a result, a ASAR value of -0.200 percent can be
829 retained for model correction.

830

831 Step 4 — SAR Model correction

832

833 The SAR value calculated for each reference mass of the FEM can be determined by computation with
834 the first principles model and would be corrected by the -0.200 percent value determined in step 3 as
835 follows:

836

837 SARcorrected = SARcomputed X 0.998

838

839 6.5 Validity of Results — Confidence Interval

840 Section A38.5.3.1 requires the 90 percent confidence interval to be calculated for each of the SAR
841 values at the three reference masses. Appendix 4 provides guidance regarding confidence interval
842 evaluation, including examples.
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6.6 Reference Geometric Factor

6.6.1 RGF General Guidelines

The reference geometric factor (RGF) is a non-dimensional parameter used to adjust the value of
(1/SAR)ave. RGF is based on a measure of fuselage size normalized with respect to 1 m2, and is derived
as prescribed in §38.15.

The basic concept of RGF, and the exponent of 0.24 for RGF in the fuel efficiency metric, is to give
appropriate credit for the size of the cabin. The RGF represents the area that is available for the transport
of passengers or cargo on the main deck, and on an upper deck. Sections 38.15 and § A38.3 provide a
description of RGF and list some areas that are to be included in the RGF calculation. This list of included
areas is not comprehensive; RGF also includes, for example, any space in the cabin used for wardrobes,
or for cabinets containing equipment such as passenger entertainment systems or life rafts. If the interior
configuration of an airplane is changed in service, even to the extent of converting a passenger airplane
into a freighter, there is most likely no reason to change the RGF.

Most airplanes have a single deck, or floor, for passengers or cargo. Many single-deck airplanes also
have an underfloor cargo bay, but that does not mean that they should be considered as two-deck
airplanes.

6.6.2 Orthogonal Projection and Width Boundary

For a single-deck airplane, the RGF is determined by making an orthogonal projection of the outer mold
line (OML) of the fuselage pressure shell, onto a plane that is parallel to the main deck floor. The term
orthogonal means that the projection is made using theoretical lines of projection which are orthogonal, or
perpendicular, to the main deck floor, and also orthogonal to the plane where the projection is made. In the
case of an airplane in which the main deck is perfectly horizontal when it stands on the ground, the
projection is similar to the ‘shadow area’ on the ground, or the top view area of the fuselage. The terms
‘shadow area’ and ‘top view’ can be misleading however, and orthogonal projection is the proper term for
obtaining a true projection. The term ‘shadow area’ could imply projection lines emanating from a single
point, effectively like the sun. It is possible to make a projection using lines which emanate from any single
point, but that is not intended, and would not be a true projection for RGF. The term ‘top view’ can be
misleading for an airplane in which the main deck is not perfectly horizontal when it stands on the ground.
Typically the main deck of an airplane is at a constant height (or constant Z station) in terms of the X, Y, Z
coordinate system for the airplane, and in that case the orthogonal projection is the same as a plan view
drawing, viewing either up or down along the Z axis. However, there is no requirement for any deck to be
at a constant Z station.

Typically the maximum width of the fuselage cross section is above the main deck for a single-deck
airplane, and if the fuselage has a constant cross section for part of its length, then the maximum width will
be at the same height above the main deck (i.e. at the same Z station) for part of the fuselage length. At
the aft end of the fuselage however, there will no longer be a constant cross section, and it is common for
the point of maximum width to rise up higher above the main deck towards the tail, with fuselage upsweep.
Towards the nose, typically the point of maximum width descends closer to the main deck. For the
orthogonal projection, the maximum external width of the OML is always ‘captured’ at whatever height
above the deck that it occurs.

For an airplane that has a main deck and also an upper deck, the RGF for the main deck is determined
using the fuselage OML as the width boundary, as for a single-deck airplane. The upper deck is
considered separately, and the width boundary for the upper deck RGF is defined as the fuselage OML at
or above the upper deck floor level. This means that to determine the upper deck RGF, all of the fuselage
below the upper deck floor can be removed from consideration, and then an orthogonal projection should
be made of the remaining part of the fuselage, the entire upper cabin, onto a plane that is parallel to the
upper deck. This projection will capture the maximum width of the fuselage OML at any height at or above
the upper deck floor. The upper deck may be parallel to the main lower deck, but there is no requirement
for this to be the case. The total RGF is simply the sum of the RGF values for the two decks.

6.6.3 Forward and Aft Boundaries
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The aft boundary to be used for calculating RGF is the aft surface of the aft pressure bulkhead skin. This
bulkhead may be a flat or domed skin to take the pressure loads, and typically has supporting structure
attached either to the forward or aft face of the bulkhead. This aft boundary definition is consistent with the
concept of using the external surface of the pressure shell for the width boundary.

The forward boundary to be used for calculating RGF is the forward surface of the forward pressure
bulkhead skin except for the cockpit crew zone. For all airplanes, a plane will need to be defined for the aft
boundary of the cockpit crew zone. If there is a cockpit door, this aft boundary is the plane of the forward
face of the cockpit door. If there is no cockpit door, a boundary plane will need to be defined that is aft of
the cockpit crew seats. Some airplanes may have optional approved cockpit layouts, for example to
provide for one or two ‘jump seats’ aft of the two standard pilot seats; in that case the RGF should be
based on the smallest approved cockpit layout (see § A38.3).

Some airplanes are certified for single-pilot operations, as illustrated in Appendix A38.3 Figure A38-2. This
figure shows that a passenger may be in the right cockpit seat, and the right side of the cockpit can be
included in the RGF, even if a cockpit door is standard equipment. In this case, the aft boundary of the
cockpit crew zone applies to the left side of the fuselage only.

For an airplane with two decks, the cockpit may be accessed from the main deck, or the upper deck, but
the two decks are considered separately. One deck may extend forward, above or below a cockpit crew
zone, and in that case the aft boundary of the cockpit crew zone should only apply to the RGF of the deck
that provides direct access to the cockpit, not to both decks.

6.6.4 Floor Plane

For the floor plane of the main deck, and any upper deck, it is assumed that most, or all, of the floor area is
on the same flat plane. Itis common to have some local anomalies, such as a step up in the floor of the
cabin towards the tail, typically in a baggage area. If there is a relatively small, elevated floor it is usually
flat and parallel to the main floor, but there is no requirement for it to be so. Some airplanes may have
other local floor changes, possibly even changes in slope. Some smaller airplanes have a dropped aisle,
with elevated seating areas on both sides of the aisle. There is no requirement for any deck floor to be
parallel with the upper or lower skin of the fuselage, but this will usually be the case. For each deck, there
should be no difficulty in identifying a nominal flat plane which should apply to it, which then allows for the
identification of a true flat plane (with no local anomalies) parallel to the deck, for the purpose of the
orthogonal projection.

6.6.5 RGF Sensitivity

Although RGF is an important component of the CO2 emissions evaluation metric value, the exponent of
0.24 means that the metric value is less sensitive to a change in RGF as compared to a change in the
average 1/SAR value. As an example, if the average 1/SAR value is changed by a factor of 1.01, then the
metric value will also change by a factor of 1.01 (a 1% increase). However, if the RGF changes by a factor
of 0.99 (a 1% decrease) then the metric value will increase by only a factor of 1.0024150 (an increase of
0.2415%). The change in metric value as a result of a change in RGF, can be expressed as the reciprocal
of the factor applied to RGF, with an exponent of 0.24 applied. For this example: (1/0.99 )= 1.010101 ;
and (1.010101 )0.24 = 1.002415.

The RGF sensitivity may lead an applicant to declare positions for the forward boundary and aft boundary
that are slightly conservative in order to avoid lengthy geometric explanations and justifications. Typically,
a small amount of conservatism, by declaring a forward and/or aft boundary that is displaced by 1 or 2 cm
will lead to a very small change in RGF, much less than 1%, and an extremely small penalty in the metric
value of less than 0.1%.

An applicant may also consider the potential for future geometric changes, and the no-FEM-change
criteria. It may be administratively easier to deal with a small geometric change in the future, if the RGF
has been defined in a slightly conservative way.
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6.7 Fuel Efficiency Limits

Section §838.17 provides the maximum permitted fuel efficiency metric values for airplanes defined under
38.1(a), as determined pursuant to 38.11. In accordance with 38.17(b), the fuel efficiency metric value may
not exceed the values detailed in the chart below. Notably, the values determined in accordance with the
equations in the table below should be rounded to three decimal places. The maximum permitted fuel
efficiency metric values are based on the type of airplane as defined in 38.1 (applicability section) and the
airplane’s MTOM. A more detailed discussion on the applicability of 38.1 can be found in paragraph 5.1 of
this AC.

6.8 Change Criteria

Section §38.19 requires the demonstration of compliance with the fuel efficiency limits of §38.17 for
airplanes with a change in design that either increases the MTOM, or results in certain specified increases
in the FEM value. If the FAA determines that the modifications do not increase MTOM or exceed the fuel
efficiency metric threshold limits in §38.17, the airplane is considered to be in compliance with that
regulation.

Changes to an airplane that has shown to comply with §38.17 and that neither increase its MTOM nor
increase its FEM value by more than the thresholds identified above are not considered to be FEM
changes. Figure 6.5 may be used to visually evaluate the FEM change threshold limits of §38.19 for any
MTOM.

For airplanes incorporating changes that are below the FEM change threshold limits, the FEM value of the
changed type design configuration is considered the same as the parent type design.

Fig. 6.5. FEM change threshold limits with variation in MTOM

FEM Change Threshold Limits for any MTOM (kg)
1.5% : : : :
1.35%, 5700 kg

1.2 N\

y= -1.1504975-07): + 1.1412935-02 | | ‘
0.9% -\ o e s T TS R - e s
y = -9.25926E-10x + 7.55556E-03 | ¥ =7.00E-03

0.75%, 60000 ke ; :

0.70%, 600000 k e
0.6% + L g

— FEM Change Threshold Limits

‘FEM Change Threshold Limit Value

0.0% i | | | i E
0 100,000 200,000 300,000 400,000 500,000 600,000 700,000

Maximum Takeoff Mass (MTOM, kg)

7. Additional Guidance

If an applicant needs additional guidance, contact the AEE-300 Emissions Division Manager with Office of
Environment and Energy at 202-267-3566.
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Appendix 1: Definitions

The following terms are defined in 8 38.3, which is reproduced here for convenience:

Amphibious Airplane means an airplane that is capable of takeoff and landing on both land and water. Such
an airplane uses its hull or floats attached to the landing gear for takeoff and landing on water, and either
extendable or fixed landing gear for takeoff and landing on land.

ICAO Annex 16, Volume Il means Volume Il of Annex 16 to the Convention on International Civil Aviation
(incorporated by reference in § 38.7).

Maximum takeoff mass (MTOM) is the maximum allowable takeoff mass as stated in the approved
certification basis for an airplane type design. Maximum takeoff mass is expressed in kilograms.
Performance model is an analytical tool (or a method) validated using corrected flight test data that can be
used to determine the specific air range values for calculating the fuel efficiency metric value.

Reference geometric factor (RGF) is a non-dimensional number derived from a two-dimensional projection of
the fuselage.

Specific air range (SAR) is the distance an airplane travels per unit of fuel consumed. Specific air range is
expressed in kilometers per kilogram of fuel.

Subsonic means an airplane that has not been certificated under 14 CFR to exceed Mach 1 in normal
operation.

Type certificated maximum passenger seating capacity means the maximum number of passenger seats
that may be installed on an airplane as listed on its type certificate data sheet, regardless of the actual
number of seats installed on an individual airplane.
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Appendix 2: Abbreviations/Acronyms/Symbols

The abbreviations/acronyms/symbols used in this AC have the following meanings whether expressed in
upper or lower case:

Wo >

AEE
AVG
Co
CFD
CG
Cl
Cloo
CL
CO2
EPA
FAA
FEM
g

Jo
Oref

Earth’s radius at the equator

Airplane reference wing area

Earth’s radius at the poles

Value representing the variation of drag with Reynolds number

FAA’s Office of Environment and Energy

Average

Drag coefficient

Computational fluid dynamics

Center of gravity

Confidence interval

90% Confidence interval

Lift coefficient

Carbon dioxide

United States Environmental Protection Agency

Federal Aviation Administration, United States Department of Transportation

Fuel Efficiency Metric

Gravitational acceleration

Standard acceleration due to gravity at sea level and a geodetic latitude of 45.5 degrees
Gravitational acceleration, based on go, for an airplane travelling true north in still air at the reference

altitude and a geodetic latitude of 45.5 degrees

Jcoriolis
Jcent
Otest
speed
Jo,alt

h
ICAO
Kg
LHV
m

M
MTOM
n

N
ODA
OML
Pa

Ps

le

RE
RGF
S

SAR
SEM
SFC
STC
T

t(95, n-1
TAS
TC
TOM
TSFC

Component of gravitational acceleration that is due to Coriolis effect
Component of gravitational acceleration that is due to centrifugal effect
Gravitational acceleration at the test values of latitude, geometric altitude, true track, and ground

Component of the gravitational acceleration at the test altitude and latitude at zero ground speed
Altitude

International Civil Aviation Organization

Kilogram(s)

Lower heating value

Meters

Mach number

Maximum Takeoff Mass

Number of data points

Newtons

Organizational Designation Authorization

Outer Mould Line

Pascals

Static pressure

Earth’s radius

Reynolds number

Reference Geometric Factor

Time in seconds or estimate of the standard deviation of the mean
Specific Air Range

Semi-empirical methods

Specific fuel consumption

Supplementary type certificate

Temperature

Student t-distribution for 90 percent confidence for n degrees of freedom
True airspeed

Type certificate

Takeoff mass

Thrust Specific Fuel Consumption
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1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074

1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087

Speed

Ground speed

Ratio of atmospheric pressure at a given altitude to the atmospheric pressure at sea level
Change in value of a parameter

Percent

Mean value

Density of air

Track angle

Latitude

Summation of a series of values

Degrees of freedom of confidence interval
E Earth’s rotation rate

S>> o<

£NME QD E

29



1088
1089
1090

1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110

XX/xx/2021

AC 38-1

Appendix 3: Correcting SAR Data to Reference Specifications

A3-1. Corrections to Reference Specifications

This appendix covers corrections that must be made to the tested values of airplane weight, drag, and fuel

flow. These corrections address any differences between the conditions at which the airplane was tested and

the reference specifications.

For steady-state cruise flight, it is a reasonable approximation to assume lift equals weight and thrust equals

drag. Since drag is a function of lift, fuel flow is a function of thrust, SAR is a function of fuel flow, and the

FEM is a function of SAR, any deviation from the reference specifications that affect weight, drag, or fuel flow

will affect SAR and the FEM. Each of these corrections will result in either increasing or decreasing the test
SAR and the resulting FEM.

As stated in Appendix A § A38.5.2.2, each correction method is subject to the approval by the FAA, including

any time an applicant considers a particular correction to be unnecessary (with acceptable justification) . Any

correction that would result in an increase in SAR (i.e., a lower FEM value) may be considered by the

applicant. The effect of not making such a correction would be to increase the FEM value

Table A3-1 lists all the corrections and the conditions under which a given correction might be optional:

Table A3-1. Corrections to reference specifications

Paragraph Conditions under
of this Type of which correction
Correction appendix correction | may be optional Remarks
Latitude effect on g A3-1.2 Apparent Test latitude greater | Gravitational acceleration is
gravity than 45.5 degrees greatest at the poles and

lowest at the equator. Testing
at latitudes greater than 45.5
degrees will decrease SAR
and increase the FEM as the
airplane will be heavier.
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Correction

Paragraph
of this
appendix

Type of
correction

Conditions under
which correction
may be optional

Remarks

Altitude effect on g

A3-1.2

Apparent
gravity

Test altitude lower
than reference
altitude

Increasing the height above
the Earth’s surface reduces
the gravitational acceleration.
Therefore, testing at an
altitude lower than the
reference altitude will
decreases SAR and increase
the FEM due to the effect of
altitude on gravitational
acceleration.

Centrifugal effect on
g

A3-1.2

Apparent
gravity

Headwind (negative

wind)

The reduction in velocity
(relative to the earth)
provided by a headwind
increases gravitational
acceleration due to the
centrifugal effect. This
increases the airplane
weight, which decreases
SAR and increases the FEM.

Coriolis effect on g

A3-1.2

Apparent
gravity

Test true track

angles from 180 to

360 degrees

Flying in a westerly direction,
the opposite direction as the
Earth’s rotation, will increase
gravitational acceleration due
to the Coriolis effect. This
increases the airplane weight
which decreases SAR and
increases the FEM.

Acceleration/deceler
ation (energy)

A3-1.3

Drag

(dVe/dT) greater
than 0 (positive
acceleration in
terms of ground
speed)

An accelerated flight
condition (excess energy)
results in a higher drag force,
decreasing SAR and
increasing the FEM.
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Paragraph Conditions under
of this Type of which correction

Correction appendix correction | may be optional Remarks

Reynolds number A3-14 Drag Test outside air Higher temperatures result in
temperature higher | higher drag forces due to
than standard air Reynold number effects. At
temperature temperatures higher than the

reference temperature, SAR
will be decreased and the
FEM will increase.

CG position A3-1.5 Drag Test CG position A test CG position forward of
forward of the the reference CG position
reference CG results in higher drag,
position decreasing SAR and

increasing the FEM.

Aeroelastics A3-1.6 Drag - Wing aeroelastics may not be

a concern depending on the
size/weight/payload of the
airplane and on wing
stiffness.

Fuel lower heating A3-1.7 Fuel flow Test fuel LHV less Testing with fuel that has an

value (LHV) than 43.217 MJ/kg LHV lower than the reference

value requires more fuel to
be burned to achieve the
same engine thrust level,
hence decreasing SAR and
increasing the FEM.

Altitude effect on fuel | A3-1.8 Fuel flow May always be Testing at any altitude other

flow considered optional | than the optimum altitude will

result in decreasing SAR and
increasing the FEM due to
higher fuel burn at off-
optimum altitude.

Temperature effect A3-1.9 Fuel flow Test outside air Testing at a temperature
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Paragraph Conditions under
of this Type of which correction
Correction appendix correction | may be optional Remarks
on fuel flow temperature higher | higher than the reference
than standard day temperature will result in
temperature decreasing SAR and
increasing the FEM due to
higher fuel burn at higher
temperatures.
Engine deterioration | A3-1.10 Fuel flow - In general, this correction
level should not be made. See
paragraph A3-1.10 of this
AC.
Electrical and A3-1.11 Fuel flow Test electrical and Testing with higher than
mechanical power mechanical power reference power extraction
extraction and bleed extraction and and bleed flow will require
flow bleed flow higher more fuel to be burned,
than the reference hence decreasing SAR and
electrical and increasing the FEM.
mechanical power
extraction and
bleed flow
Modifications and A3-1.12 Drag Any modification or | Not accounting for
non-standard and/or fuel | non-standard maodifications or non-standard
equipment that will flow equipment that equipment that decreases

not be included on
the production
airplane

reduces SAR

SAR and increases the FEM.
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Although the reference specifications include airspeed values that would be selected by the applicant in
accordance with §A38.2, there is no correction identified for airspeed. The selection of a reference airspeed
is used to determine the target airspeed for acquiring SAR test data for determination of the FEM. For
applicants using either SAR data clustered around each of the three reference masses (see § A38.5.3.3) or
SAR data obtained over a range of masses (see § A38.5.3.4), no correction is made for any differences
between the target reference airspeed and the test airspeed. Since the reference airspeed is generally
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expected to be the optimum airspeed (see § A38.2), any difference between the test airspeed and the
reference airspeed will decrease SAR and increase the FEM. For applicants using first a principles model to
show compliance (see paragraph 6.4.4 of this AC), the reference airspeed is used to identify the portion of
the performance model to be validated, while the airspeed (or Mach number) at which the SAR value for
each reference mass is to be computed from the performance model.

The overall process for determining SAR at the reference specifications for each test data point consists of
the following steps:

Step 1) Determine the airplane weight from the airplane mass for both the test condition and the
reference specifications for gravitational acceleration, as described in paragraph A3-1.1 below. Determine
the drag correction due to the difference in lift between the test weight and the weight at the reference
specifications for gravitational acceleration using the airplane’s drag model and the relationship that lift
equals weight for non-accelerated, level flight, as described in paragraph A3-1.2.1.

Note.— As described in paragraph A3-1.2.2, this step is not necessary when using method 2 for the
gravitational acceleration correction.

Step 2) Determine all other applicable drag corrections as described in paragraphs A3-1.3, A3-1.4,
A3-1.5, and A3-1.6, and sum them together with the drag correction from paragraph A3-1.2.1.

Step 3) Determine the airplane drag for the test condition. An approximation can be made that for
these unaccelerated, level flight test conditions, the airplane drag for the test condition is equal to the engine
thrust for the test condition. The engine thrust should be determined from:

1) a calibrated engine or an engine performance model; and

2) the average value of the parameters needed to determine thrust from the engine performance
model measured during the test condition.

Step 4) Add the sum of drag corrections from Step 2 to the airplane drag for the test condition from
step 3 to obtain the airplane drag corrected to the reference specifications.

Step 5) Determine the change in engine fuel flow for the corrections that were made for drag. The
change in engine fuel flow due to the drag corrections can be determined as follows:

AFuel F|OWDrag = Fuel Flowres Drag — Fuel FlowTest Drag

where:

Fuel Flowref prag is the fuel flow from an engine performance model at the airplane drag corrected for the

reference specifications (assuming thrust equals drag) at the average speed, altitude and temperature for the
test condition; and
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Fuel Flowrest brag is the fuel flow from an engine performance model at the airplane drag for the test condition
(assuming thrust equals drag) at the average speed, altitude and temperature for the test condition.

Step 6) Correct the measured test engine fuel flow to reference specifications as follows:

Fuel Flowret = Fuel Flowtest + AFuel Flowprag + AFuel Flowiny
+ AFuel Flowar + AFuel Flowiemp + AFuel Flowcorr bieed

where:

Fuel Flowtest is the average engine fuel flow measured during the test condition, corrected to the reference
engine deterioration level (if applicable) in kg/h;

AFuel Flowprag is the fuel flow correction for drag from Step 5 in kg/h;

AFuel Flowinv is the fuel flow correction for fuel lower heating value calculated from paragraph A3-1.7 in
kg/h;

AFuel Flowar is the fuel flow correction for altitude calculated from paragraph A3-1.8 in kg/h;
AFuel Flowemp is the fuel flow correction for temperature calculated from paragraph A3-1.9 in kg/h; and

AFuel Flowcorr bieed is the fuel flow correction for electrical and mechanical power extraction and bleed flow
calculated from paragraph A3-1.10 in kg/h.

Step 7) The SAR value corrected to reference specifications is given by the following relationship:

SAR... = TAS
el = \ Fuel Flow,f

where:

SARretis the SAR for the reference specifications in km/kg;

TAS is the average airplane true airspeed for the test specifications in km/h; and

Fuel Flowretis the engine fuel flow for the reference specifications from Step 6 in kg/h.

A3-1.1 Test Weight. Since the weight of the airplane during each test condition cannot be directly measured,
it is determined using the following process, in accordance with 88 A38.4.2.1.2 and A38.4.2.3:

35



1200
1201
1202
1203
1204

1205

1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239

XX/xx/2021 AC 38-1

Begin with weighing the airplane on the ground, where the local gravitational acceleration can be readily
determined using the process described in paragraph A3-1.2.1. The pre-flight airplane mass is determined
from the following relationship:

_ WEightweighing
Massweighing -
gweighing

where:
Weightweighing iS the airplane weight from the scale weighing in N; and

gweighing i the gravitational acceleration at rest at the weighing site latitude and elevation in metres/second?.
See paragraph A-3.1.2.1 for determining gweighing USing the weighing site latitude and elevation for the test
latitude, @, and test geometric altitude, h, respectively.

Any change in mass after the weighing, and prior to the test flight, should be accounted for to establish the
mass of the airplane at the start of the test flight. The mass for each test condition can be determined by
subtracting the integrated fuel flow (mass of fuel burned) from the mass of the airplane at the start of the test
flight. The test weight, in N, for each test condition is determined from the following equation:

Weighties: = (Masstest)(gtest)
where:
Masstest is the average mass of the airplane during the test condition in kg; and

Otest IS the gravitational acceleration at the test latitude, test geometric altitude, test true track, and test
ground speed in m/s?. See paragraph A-3.1.2.1 for determining geest.

A3-1.2 Apparent gravity. Acceleration, caused by the local effects of gravity and inertia, affects the test
weight of the airplane. The apparent gravity at the test conditions varies with latitude, altitude, ground speed,
and direction of motion, relative to the Earth’s axis. The reference gravitational acceleration is the
gravitational acceleration, based on go, for the airplane travelling in the direction of true north in still air at the
reference altitude, a geodetic latitude of 45.5 degrees.

If the test conditions differ from the conditions for the reference gravitational acceleration, the airplane weight
at the reference gravitational acceleration will be different than the airplane weight at the test conditions. This
will result in a SAR and FEM that are not representative of the SAR and FEM at the reference gravitational
acceleration. If the test conditions are at a gravitational acceleration that is less than the reference
gravitational acceleration, then a correction will be necessary, as described below.
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There are two methods provided below for determining the acceleration correction. Method 1 is a general
method for determining the effect of gravitational acceleration on the airplane test weight, which is then used
along with the airplane’s drag model to determine the effect on airplane drag. This drag correction for
gravitational acceleration is then combined with the other drag corrections to determine the effect on airplane
fuel flow and the value of SAR.

Method 2 is a simplified approach that does not require use of an airplane drag model. This method is
acceptable for FEM certification when SAR is determined by direct flight test measurement of SAR test
points in accordance with § A38.1.2.1. Method 2 is based on the same equations for determining g as
Method 1, and provides the same results for SAR data at (or near) optimum flight conditions. For SAR data
that is not at (or near) reference specifications, Method 2 may result in small errors in the SAR correction for
gravitational acceleration correction, but the overall SAR and FEM values will be conservative because these
errors will be much smaller than the SAR decrease (thus FEM increase) resulting from testing outside
optimum flight conditions.

A3-1.2.1 Method 1 for the gravitational acceleration correction

The overall process for determining the drag correction due to the effect of gravitational acceleration on
airplane weight consists of the following steps:

Step 1) Determine the airplane test weight, as described in paragraph A3-1.1.

Step 2) Determine the airplane weight for the reference gravitational acceleration conditions from the
airplane test mass and the reference gravitational acceleration:

Weight,.r 4 = (Masstest)(QTEf)
where:

Weightret g is the airplane weight at the reference gravitational acceleration conditions in N;

Masstest is the average mass of the airplane during the test condition in kg;

Oref IS the gravitational acceleration for the airplane travelling in the direction of true north in still air at the
reference altitude and a geodetic latitude of 45.5 degrees, and based on go, in m/s?; and

go is the standard acceleration due to gravity at sea level and a geodetic latitude of 45.5 degrees, 9.80665
m/s?.

Step 3) Determine the drag correction for the difference between Weighttest and Weightrer g, as
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described later in this paragraph.

The value of gravitational acceleration, g, consists of the following components:

a) Distance from the center of Earth’s mass. This is a function of the geometric altitude and the
latitude of the airplane relative to a mathematical representation of the shape of the Earth.

b) Centrifugal effect. An airplane in flight will experience a force acting outwards in the radial
direction that is proportional to the square of the ground speed of the airplane and inversely proportional to
the distance of the airplane from the center of mass of the Earth.

C) Coriolis effect. An airplane in flight will experience a force that is proportional to its ground
speed, the rotation rate of the Earth, the direction of travel, and the latitude of operation. For example, an
airplane flying east, in the same direction that the Earth rotates, will experience a lower gravitational
acceleration, while an airplane flying west will experience a higher gravitational acceleration. The effect will

be greatest at the equator.

The following equations are based on the World Geodetic System 84 Ellipsoidal Gravity definition. Other
formulations and simplifications may provide essentially equivalent results.

The gravitational acceleration experienced for each test data point (gest) is determined as follows:

gtest = go,alt + Zeent + ZCoriolis

where:

Oo,alt is the component of the gravitational acceleration at zero ground speed, at the test altitude and latitude
in m/s?;

geent is the component of the gravitational acceleration due to centrifugal effect in m/s?; and

Jcoriolis is the component of the gravitational acceleration due to Coriolis effect in m/s?2.

The gravitational acceleration for the test geometric altitude and latitude component at zero ground speed,
Oo,alt, is determined as follows:

First, determine the component of gravitational acceleration at the test latitude at sea level and zero ground
speed from the following equation:

1+ 0.00193185138639 sin¢
9o = | 97803267714

\/1 —0.00669437999013 sin?¢
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1321

1322  where @ is the test latitude in degrees.

1323

1324

1325

1326  The component of gravitational acceleration at zero ground speed for the test geometric altitude and latitude
1327 s then determined from the following equation:

1328

1329 Yo = g(p( e )2

T, +h
1330
1331
1332 where:
1333
1334 g, is the component of gravitational acceleration at the test latitude at sea level and zero ground speed .
1335
1336  his the test geometric altitude in m; and
1337
1338 reis the radius of the Earth at the test latitude, which is determined from the following equation:
1339

_ |(a%cos @)? + (b%sin @)?
1340 Te = \] (a cos )% + (b sin @)?

1341

1342  where:

1343

1344  ais the Earth’s radius at the equator = 6,378,137 m;
1345

1346 b s the Earth’s radius at the pole = 6,356,752 m; and
1347

1348 ¢ is the test latitude in degrees.

1349

1350  As an alternative to using the equation for ge.at provided above, gear can be approximated by linear
1351 interpolation using Table A3-2:

1352

1353

1354
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1355 Table A3-2. Jeoalt

1356
Jo,alt
Geometric Height (ft)
. 0 5,000 |10,000 |15,000 |20,000 |25,000 |30,000 |35,000 | 40,000 |45,000 |50,000
% 0 9.78033 | 9.77565 | 9.77099 | 9.76632 | 9.76166 | 9.75700 | 9.75234 | 9.74769 | 9.74304 | 9.73840 | 9.73376
qE)) 10 |9.78188|9.77721|9.77254 |9.76787 | 9.76321 | 9.75855 | 9.75389 | 9.74924 | 9.74459 | 9.73994 | 9.73530
% 20 [9.786379.78169 |9.77702|9.77235|9.76768 | 9.76302 | 9.75836 | 9.75370 | 9.74905 | 9.74440 | 9.73975
§ 30 |9.79325|9.78857 |9.76302 | 9.77921 | 9.77454 | 9.76987 | 9.76521 | 9.76054 | 9.75588 | 9.75123 | 9.74658
g 40 19.80170(9.79701|9.79232|9.78764 |9.78296 | 9.77829 | 9.77362 | 9.76895 | 9.76428 | 9.75962 | 9.75496
é 45.519.80665 | 9.80196 | 9.79727 | 9.79258 | 9.78790 | 9.78322 | 9.77855 | 9.77387 | 9.76920 | 9.76454 | 9.75988
% 50 19.81070|9.80601 |9.80132|9.79663 |9.79194 |9.78726 |9.78258 | 9.77790 | 9.77323 | 9.76856 | 9.76390
g 60 |9.81918|9.81448|9.80978|9.80508 |9.80039 |9.79570|9.79101 | 9.78633 | 9.78165 | 9.77698 | 9.77230
% 70 19.82610/9.82139|9.81668|9.81198|9.80728 | 9.80259 | 9.79790 | 9.79321 | 9.78853 | 9.78385 | 9.77917
S 80 ]9.83062|9.82590(9.82120/9.816499.81179|9.80709 | 9.80240 | 9.79771 | 9.79302 | 9.78833 | 9.78365
LE 00 ]9.83219(9.82747(9.82276|9.81806 | 9.81336|9.80866 | 9.80396 | 9.79927 | 9.79458 | 9.78989 | 9.78521
1357

1358  The component of the gravitational acceleration due to centrifugal effect, geent, is determined from the
1359  following equation:
1360

1361 Ycent = —

1362

1363  where:

1364

1365  Vyis the ground speed in m/s;

1366

1367  reis the radius of the Earth in m at the test latitude, which is determined from the same equation as provided
1368  above for how to determine g_(¢,alt):

1369

_ |(a?cos @)%+ (b2sin )2 |
1370 Te = \/ (acos @)2+ (bsinp)? ' P

1371

1372  his the test geometric altitude in m.

1373

1374  As an alternative to using the equation for gent, gcent can be approximated by linear interpolation using Table
1375  A3-3:

1376

1377  Table A3-3. (cent

1378
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Jcent
Ground Speed (kts) |0 100 200 300 400 500 600 700 800
Jeent 0.00000 |-0.00041 |-0.00166 |-0.00373 |-0.00663 |-0.01036 |-0.01492 |-0.02030 |-0.02652

The component of the gravitational acceleration due to Coriolis effect, gcoriolis, can be calculated using the

following equation:
Ycoriolis = —2 Wg Vg cos ¢sino
where:
we is the Earth’s rotation rate = 7.29212 x 10 radians/s;
Vjy is the airplane’s ground speed in m/s;
@ is the test latitude in degrees; and
o is the track angle of the airplane as measured from true north in degrees.
As an alternative to using the equation ; gcoriolis can be approximated by linear interpolation using Table A3-4:
Table A3-4. Jcoriolis
Qcoriolis for ground speeds from 200 to 400 knots
GS (kts) | 200 300 400
Latitude
(either N
or S)
(degrees) |0 30 60 90 0 30 60 90 0 30 60 90
® |0 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000
[}
(&)
GE)) 30 |-0.00750 |-0.00650 |-0.00650 | 0.00000 |-0.01125 |-0.00975 |-0.00563 |0.00000 |-0.01501 |-0.01300 |-0.00750 |0.00000
°
© g0 |-0.01300 |-0.01125 |-0.01125 |0.00000 |-0.01949 |-0.01688 |-0.00975 | 0.00000 |-0.02599 |-0.02251 |-0.01300 | 0.00000
(@]
c
< |90 |-0.01501 |-0.01300 |-0.01300 |0.00000 |-0.02251 |-0.01949 |-0.01125 |0.00000 |-0.03001 |-0.02599 |-0.01501 | 0.00000
4
Q
}g 120 | -0.01300 | -0.01125 |-0.01125 | 0.00000 |-0.01949 |-0.01688 |-0.00975 | 0.00000 |-0.02599 |-0.02251 |-0.01300 | 0.00000
(]
3 | 150 |-0.00750 |-0.00650 |-0.00650 | 0.00000 |-0.01125 |-0.00975 |-0.00563 |0.00000 |-0.01501 |-0.01300 |-0.00750 | 0.00000
|_
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gcoriolis for ground speeds from 200 to 400 knots

GS (kts)

200

300

400

Latitude
(either N
or S)
(degrees)

0

30

60

90

0

30

60

90

0

30

60

90

180

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

210

0.00750

0.00650

0.00650

0.00000

0.01125

0.00975

0.00563

0.00000

0.01501

0.01300

0.00750

0.00000

240

0.01300

0.01125

0.01125

0.00000

0.01949

0.01688

0.00975

0.00000

0.02599

0.02251

0.01300

0.00000

270

0.01501

0.01300

0.01300

0.00000

0.02251

0.01949

0.01125

0.00000

0.03001

0.02599

0.01501

0.00000

300

0.01300

0.01125

0.01125

0.00000

0.01949

0.01688

0.00975

0.00000

0.02599

0.02251

0.01300

0.00000

330

0.00750

0.00650

0.00650

0.00000

0.01125

0.00975

0.00563

0.00000

0.01501

0.01300

0.00750

0.00000
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Table A3-4 (continued)

Ocoriolis for ground speeds from 500 to 700 knots

GS (kts) 500 600 700

Latitude

(either N

or S)

(degrees) |0 30 60 90 0 30 60 90 0 30 60 90
0 0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000
30 -0.01876 | -0.01624 | -0.00938 | 0.00000 |-0.02251 |-0.01949 |-0.01125 | 0.00000 |-0.02626 |-0.02274 |-0.01313 | 0.00000
60 -0.03249 | -0.02814 |-0.01624 | 0.00000 |-0.03899 |-0.03376 |-0.01949 | 0.00000 |-0.04548 |-0.03939 |-0.02274 | 0.00000
90 -0.03751 |-0.03249 | -0.01876 | 0.00000 |-0.04502 |-0.03899 |-0.02251 | 0.00000 |-0.05252 |-0.04548 |-0.02626 | 0.00000
120 |-0.03249 |-0.02814 |-0.01624 | 0.00000 |-0.03899 |-0.03376 [-0.01949 | 0.00000 |-0.04548 |-0.03939 |-0.02274 | 0.00000
150 |-0.01876 |-0.01624 |-0.00938 | 0.00000 |-0.02251 |-0.01949 |-0.01125 |0.00000 |-0.02626 |-0.02274 |-0.01313 | 0.00000

'an: 180 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000 |0.00000

;% 210 |0.01876 |0.01624 |0.00938 |0.00000 |0.02251 |0.01949 |0.01125 |0.00000 |0.02626 |0.02274 |0.01313 |0.00000

E: 240 [0.03249 |0.02814 |0.01624 |0.00000 |0.03899 |0.03376 |0.01949 |0.00000 |0.04548 |0.03939 |0.02274 |0.00000

E 270 |0.03751 |0.03249 |0.01876 |0.00000 |0.04502 |0.03899 |0.02251 |0.00000 |0.05252 |0.04548 |0.02626 |0.00000

é 300 |0.03249 |0.02814 |0.01624 |0.00000 |0.03899 |0.03376 |0.01949 |0.00000 |0.04548 |0.03939 |0.02274 |0.00000

E 330 |0.01876 |0.01624 |0.00938 |0.00000 [0.02251 |0.01949 |0.01125 |0.00000 |0.02626 |0.02274 |0.01313 |0.00000

1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419

The reference gravitational acceleration, gret, is the gravitational acceleration for the airplane travelling in the
direction of true north in still air at the reference altitude and a geodetic latitude of 45.5 degrees. Because the
reference gravitational acceleration condition is for the airplane travelling in the direction of true north, the
reference gravitational acceleration does not include any Coriolis effect. Because the reference specification
is for the airplane travelling in still air, the effect of the centrifugal effect on the reference gravitational
acceleration is determined using the airplane’s true airspeed (which is the same as the zero wind ground
speed). The reference gravitational acceleration can be determined for each test point as follows:

Determine the component of gravitational acceleration for the reference altitude and latitude at zero ground
speed using the process defined above, using the reference altitude and 45.5 degrees latitude as the altitude
and latitude, respectively, instead of the test values.

Determine the component of the reference gravitational acceleration due to centrifugal effect using the
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1420  process above, using the airplane’s true airspeed as the ground speed.

1421

1422  The reference gravitational acceleration, gret, is the sum of the component of gravitational acceleration for the
1423 reference altitude and latitude at zero ground speed, and the component of the reference gravitational
1424  acceleration due to centrifugal effect.

1425

1426  The drag correction for gravitational acceleration (due to the difference between the airplane test weight,
1427  Weightest, and the airplane weight at the reference gravitational acceleration conditions, Weightrer ) is

1428 determined from the airplane drag model. The airplane’s drag model provides the drag coefficient (Cp) as a
1429  function of the lift coefficient (CL) and Mach number. The lift coefficient for Weighttest and Weightretg can be
1430  determined from the following equation:

1431

_ ([ Weight /§
1432 C= (70927.5 M2A)

1433

1434  where:

1435

1436  Cuis the lift coefficient;

1437

1438  Weight is the weight of the airplane in N (either Weighttest or Weightrer g, depending on which lift coefficient is
1439  being calculated);

1440

1441 & is the ratio of the ambient air pressure at the test altitude to the ambient air pressure at sea level;
1442

1443 M is the airplane’s average Mach number during the test condition; and

1444

1445  Ais the airplane’s reference wing area in m?.

1446

1447  The drag correction for gravitational acceleration can be determined from the drag equation:

1448

1
1449 ADragyray = 5 pV? (Copery = Corest) A

1450

1451  where:

1452

1453  ADraggrmav is the drag correction in N for gravitational acceleration;

1454

1455  pis the density of air at the test altitude and test temperature in kg/m?;
1456

1457 Vs the airplane’s average true airspeed during the test condition in m/s;
1458
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A is the airplane’s reference wing area in m?;

Choref g is the drag coefficient from the airplane’s drag model at the C. for Weighttefg; and

Cboestis the drag coefficient from the airplane’s drag model at the test Cv for Weighttest.

A3-1.2.2 Method 2 for the gravitational acceleration correction

The process for determining gravitational acceleration correction to SAR consists of the following steps:

Step 1) Determine the airplane test mass, as described in paragraph A3-1.1.

Step 2) Determine grest/Qret fOr the test latitude by linear interpolation from Table A3-5:
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Table A3-5. gtest/gret fOr latitude (latitude correction)
Otest/gref for latitude (latitude correction)
Test Latitude (either northor |0 10 20 30 40 50 60 70 80 90
south) (degrees)
(Otest/grer)iat 0.9973 10.9975 |0.9979 |0.9986 |0.9995 | 1.0004 | 1.0013 | 1.0020 | 1.0024 | 1.0026
Step 3) Determine grest/gret t0 correct for test altitude by linear interpolation from Table A3-6:

Table A3-6. Qtest/grer fOr altitude (altitude correction)

Otest/Qref fOr altitude (altitude correction)

Reference Altitude - Test |-5000 |-4000 |-3000 [-2000 [-1000 (O 1000 |2000 |3000 [4000 |5000
Geometric Altitude (ft)
(Qtest/Oref)alt 0.9995 | 0.9996 | 0.9997 [ 0.9998 | 0.9999 | 1.0000 | 1.0001 | 1.0002 | 1.0003 | 1.0004 | 1.0005
1481
1482 Step 4) Determine grest/gret for headwind/tailwind (centrifugal correction) by linear interpolation from
1483  Table A3-7:
1484
1485
1486  Table A3-7. gtest/grer for headwind/tailwind (centrifugal correction)
1487
Otest/Oref fOr headwind/tailwind (centrifugal correction)
TAS (kts) 200 300 400 500 600
Tailwind (kts) 300 0.9991 0.9989 0.9986 0.9983 0.9981
200 0.9995 0.9993 0.9991 0.9990 0.9988
100 0.9998 0.9997 0.9996 0.9995 0.9994
0 1.0000 1.0000 1.0000 1.0000 1.0000
Headwind (kts) -100 [1.0001 1.0002 1.0003 1.0004 1.0005
-200 1.0002 1.0003 1.0005 1.0007 1.0009
-300 [1.0001 1.0004 1.0006 1.0009 1.0011
1488
1489
1490 Step 5) Determine grest/grer for track angle (Coriolis correction) by linear interpolation from Table A3-
1491  8:
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Otest/gret for track angle (Coriolis correction)

AC 38-1

Otest/Qref fOr track angle (Coriolis correction) for ground speeds from 200 to 400 knots

GS (kts) |200 300 400

Latitude

(either

north or

south)

(degrees) |0 30 60 90 0 30 60 90 0 30 60 90
0 1.0000 | 1.0000 | 1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000
30 0.9992 {0.9993 |0.9996 | 1.0000 | 0.9988 | 0.9990 |0.9994 71.0000 0.9985 10.9987 | 0.9992 |1.0000
60 |0.9987 10.9988 |0.9993 |1.0000 |0.9980 {0.9983 |0.9990 | 1.0000 0.9973 |0.9977 |0.9987 |1.0000
90 |0.9985 [0.9987 [0.9992 |1.0000 |0.9977 |0.9980 @88 17)0(;0 0.9969 0.99;3 0.9985 | 1.0000
120 |0.9987 |0.9988 |0.9993 | 1.0000 |0.9980 [0.9983 | 0.9990 |1.0000 |0.9973 |0.9977 |0.9987 | 1.0000
150 |0.9992 [0.9993 0.9996 |1.0000 | 0.9988 [0.9990 | 0.9994 | 1.0000 |0.9985 |0.9987 |0.9992 | 1.0000

g 180 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000 |1.0000

:g)’ 210 |1.0008 {1.0007 |1.0004 | 1.0000 |1.0012 |1.0010 |1.0006 |1.0000 |1.0015 |1.0013 |1.0008 |1.0000

zg 240 |1.0013 |1.0012 |1.0007 |1.0000 |1.0020 |1.0017 |1.0010 |1.0000 |1.0027 |1.0023 |1.0013 | 1.0000

E 270 |1.0015 1.0613 EOO8 1.0&0 1.0023 1.0050 1.0012 1.0000 |1.0031 |1.0027 |1.0015 |1.0000

lc_ié 300 |1.0013 |1.0012 |1.0007 |1.0000 |1.0020 [1.0017 |1.0010 |1.0000 |1.0027 |1.0023 |1.0013 |1.0000

é 330 [1.0008 |1.0007 {1.0004 |1.0000 |1.0012 |1.0010 |{1.0006 |1.0000 [1.0015 1.0013 |1.0008 |1.0000
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(continued)
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Otest/gref fOr track angle (Coriolis correction) for ground speeds from 500 to 700 knots

GS (kts)

500

600

700

Latitude
(either
North or
South)
(degree

s)

30

60

90

30

60

90

30

60

90

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

30

0.9981

0.9983

0.9990

1.0000

0.9977

0.9980

0.9988

1.0000

0.9973

0.9977

0.9987

1.0000

60

0.9967

0.9971

0.9983

1.0000

0.9960

0.9965

0.9980

1.0000

0.9953

0.9960

0.9977

1.0000

90

0.9961

0.9967

0.9981

1.0000

0.9954

0.9960

0.9977

1.0000

0.9946

0.9953

0.9973

1.0000

120

0.9967

0.9971

0.9983

1.0000

0.9960

0.9965

0.9980

1.0000

0.9953

0.9960

0.9977

1.0000

150

0.9981

0.9983

0.9990

1.0000

0.9977

0.9980

0.9988

1.0000

0.9973

0.9977

0.9987

1.0000

180

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

210

1.0019

1.0017

1.0010

1.0000

1.0023

1.0020

1.0012

1.0000

1.0027

1.0023

1.0013

1.0000

240

1.0033

1.0029

1.0017

1.0000

1.0040

1.0035

1.0020

1.0000

1.0047

1.0040

1.0023

1.0000

270

1.0039

1.0033

1.0019

1.0000

1.0046

1.0040

1.0023

1.0000

1.0054

1.0047

1.0027

1.0000

300

1.0033

1.0029

1.0017

1.0000

1.0040

1.0035

1.0020

1.0000

1.0047

1.0040

1.0023

1.0000

True Track Angle (degrees)

330

1.0019

1.0017

1.0010

1.0000

1.0023

1.0020

1.0012

1.0000

1.0027

1.0023

1.0013

1.0000

Step 6) Determine Massgrav, as defined below. Couple this mass with the tested SAR values,

corrected for reference specifications from Step 7 above, in a SAR versus mass regression model to

determine the SAR values at each of the three reference masses of the FEM, and to determine the

90 percent confidence intervals.

Massgrav = Masstest X (Jtest/Jref)iat X (Qtest/Qref)alt X (Qtest/Gref)cent X (Qtest/Qref)coriolis

where:

Massgrav iS the mass at which the reference SAR value should be associated in a regression model to

provide a SAR versus mass corrected for gravitational acceleration;
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Masstest is the test mass, as defined in paragraph A3-1.1, in kg;

(Gtest/Urer)iat iS Qrest/gret for the test latitude, from Table A3-5;

(Gtest/Urer)att is Grest/gret for altitude, from Table A3-6;

(Otest/ref)cent iS Qrest/gref fOr headwind/tailwind (centrifugal correction) from Table A3-7; and

(Otest/ref)coriolis IS Qtest/gref fOr track angle (Coriolis correction) from Table A3-8.

A3-1.3 Acceleration/deceleration (energy). Drag determination is based on an assumption of steady,
unaccelerated flight. Acceleration or deceleration relative to the ground occurring during a test condition

affects the assessed drag level. The reference specification is steady, unaccelerated flight.

The correction for the change in drag force resulting from acceleration during the test condition can be
determined from the following equation:

v,
ADgccer = —Massies; ﬁ

where:
ADaccer is the drag correction in N due to acceleration occurring during the test condition;

Masstest is the average mass of the airplane during the test condition, as defined in paragraph A3-1.1 in kg;
and

(dV¢/dT) is the change in ground speed over time during the test condition in m/s2.

A3-1.4 Reynolds number. The RE needs to be calculated to determine its contribution to airplane drag. For a
given test condition, the RE is a function of the density and viscosity of air at the test altitude and
temperature. The reference RE is derived from the density and viscosity of air from the ICAO standard

atmosphere at the reference altitude.

The value of the drag coefficient correction for RE during the test can be expressed as:
ACD RE — —-B log

where:
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ACbore is the change in drag coefficient when correcting from test RE to the reference RE;

B is a value representing the variation of drag with RE for the specific airplane (see guidance below);
M is Mach number; and

RE/m is RE per m.

One method to obtain B is to use a drag model to obtain the incremental drag variation in response to

changing Mach and altitude from a reference cruise condition. The value for B is the value of a single
representative slope of a plot of the drag variation, ADrag versus Loglo[% (R—j) x10‘6].

l(E)
M\m/test
I(EE

The term
M ?)Ref

lis the term %(%) determined at the temperature and altitude for the test condition,

divided by the same term determined at the standard day temperature and the reference altitude for the test
mass/d using the following equation:

1 RE Ts +110.4
M m

— — = 47899 x 10° P; >
TS

where:

RE/m is RE per m;

Ps is static pressure in Pa; and

Ts is static temperature in K.

The effect on airplane drag can then be determined from ACp re and the airplane drag equation as follows:
ADgg = %P VZACp pp A

where:

ADre is the airplane drag correction in N due to the test RE being different than the reference RE;

p is the density of air at the test altitude and test temperature in kg/m?;

V is the airplane’s average true airspeed during the test condition in m/s;

50



1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611

1612

1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629

XX/xx/2021 AC 38-1

A is the airplane’s reference wing area in m?; and
ACpreis the change in drag coefficient due to being off the reference RE-.

A3-1.5 CG position. The position of the airplane center of gravity (CG) affects the drag due to longitudinal
trim.

The drag correction for CG position during the test is the difference between the drag at the reference CG
position and the drag at the test CG position. This drag correction can be determined by adjusting the
longitudinal trim drag, determined from the airplane’s drag model at the reference CG, to adjust for the test
CG position. For example, testing at a CG position aft of the reference CG used in the drag model would
yield a positive drag correction (that is, a decrease to the test SAR).

A method to determine the change in longitudinal trim drag for CG position from the reference is to first
determine the amount of longitudinal trim drag (Co im ref cc) that exists at the reference CG position as a
function of Mach and C.. This can be done using wind tunnel testing and analytical methods. The change of
the longitudinal trim drag with CG, which is specific to an airplane type design, can be estimated with wind
tunnel and analytical methods, and verified by flight test data. This relationship can then be used to

determine the longitudinal trim drag (Co Trim Test cg) at the test CG position.

Once the trim drag coefficients are determined from the airplane drag model, the airplane drag correction for
the CG position can be determined from the drag equation:

ADTrim cc = %P VZ(CD Trim Ref CG — Cp Trim Test CG)A
where:
ADTim cg is the airplane drag correction in N due to the test CG being different than the reference CG;
p is the density of air at the test altitude and test temperature in kg/m3;
V is the airplane’s average true airspeed during the test condition in m/s;
A is the airplane’s reference wing area in m?; and

Cpb mrim ref cc @and Cp mrimTest cc are the trim drag coefficients from the airplane’s drag model at the reference CG
and test CG positions, respectively.

A3-1.6 Aeroelastics. Wing aeroelastics may cause a variation in drag as a function of airplane wing mass
distribution. Airplane wing mass distribution will be affected by the fuel load distribution in the wings and the
presence of any external fuel stores.
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There are no simple analytical means to correct for different wing structural loading conditions. If necessary,
corrections to the reference specification should be developed by flight test or a suitable analysis process,
subject to the approval of the FAA.

The reference specification for the wing structural loading is to be selected by the applicant based on the
amount of fuel and/or removable external stores to be carried by the wing, based on the airplane’s payload
capability and the manufacturer’s standard fuel management practices. The reference to the airplane’s
payload capability is for establishing the zero fuel mass of the airplane, while the reference to the
manufacturer’s standard fuel management practices is for establishing the distribution of that fuel and how
that distribution changes as fuel is burned.

The reference specification for the wing structural loading reference specification should be based on an
operationally representative empty weight and payload which defines the zero fuel mass of the airplane. The
total amount of fuel loaded for each of the three reference masses would be the reference mass minus the
zero fuel mass. Standard fuel management practices will determine the amount of fuel present in each fuel
tank. An example of standard fuel management practice is to load the main (wing) fuel tanks before loading
the center (body) fuel tanks and to first empty fuel from the center tanks before using the fuel in the main
tanks. This helps keep the CG aft and reduces trim drag.

Commercial freighters may be designed from scratch, but more often are derivatives of or are converted from
passenger model airplanes. In determining aeroelastic effects, it is reasonable to assume that the reference
loading for a freighter is the same as the passenger model it was derived from. If there is no similar
passenger model, the reference zero-fuel-mass of a freighter can be based on its payload design density.
The payload design density is defined by the full use of the volumetric capacity of the freighter and the
highest mass it is designed to carry, expressed in kg/m3. For example, a typical payload design density for
large commercial freighters is 160 kg/m?.

Using a reference payload significantly lower than the passenger interior limits or structural limited payload
could potentially provide a more beneficial aeroelastic effect. An applicant would need to justify the reference
payload assumptions in the context of the capability of the airplane and what could be considered typical for
the type design.

A3-1.7 Fuel lower heating value. The fuel lower heating value defines the energy content of the fuel. The
lower heating value directly affects the fuel flow at a given test condition.

The fuel flow measured during the flight test is corrected to the fuel flow for the reference lower heating value
as follows:

LHV et
LHVg,y

AFuel Flowcoryr tuy = Fuel Flowgege 1y < ) — Fuel FloW,egt Lay
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where:

AFuel Flowcor Lhv is the fuel flow correction in kilograms/hour due to the fuel lower heating value being
different than the reference fuel lower heating value;

Fuel Flowtest Lhv is the measured fuel flow in kilograms/hour during the test (at the test fuel lower heating
value);

LHVtest is the fuel lower heating value of the fuel used for the test in MJ/kg; and

LHVret is the reference fuel lower heating value = 43.217 MJ/kg.

A3-1.8 Altitude. The altitude at which the airplane is flown affects the fuel flow. As noted in Table A3-1, since
testing at any altitude other than the reference optimum altitude increases the FEM, this correction is
considered optional. For applicants choosing to make this correction, the selection of the reference altitude
depends on the method used for determining SAR for the three reference airplane masses specified in §
38.13 (b). For SAR data clustered around each of the three reference masses (see § A38.5.3.3), a reference
altitude is selected by the applicant for each of the specified reference masses. If SAR data is obtained over
a range of masses (see § A38.5.3.4), the applicant should select a reference altitude for each test point
(since none of the test points are directly associated with any of the reference masses). For applicants using
a first principles model (see paragraph 6.4.4 of this AC), the applicant should select a reference altitude for
each target Weight/d value (see Figure 6-6 of this AC).

The engine model should be used to determine the fuel flow at the test altitude (Fuel Flowtestar) and the fuel
flow at the reference altitude (Fuel Flowrerar). The fuel flow correction for altitude is determined as follows:

AFuel Flowar = Fuel Flowref at — Fuel Flowtest ait.

A3.9 Temperature. The ambient temperature affects the fuel flow. The reference temperature is the standard
day temperature from the ICAO standard atmosphere at the reference altitude.

The engine model should be used to determine the difference between the fuel flow at the test temperature
(Fuel Flowtest temp) and the fuel flow at the reference temperature (Fuel Flowrettemp). The fuel flow correction for
temperature is determined as follows:

AFuel Flowtemp = Fuel Flowref temp — Fuel Flowtest temp.

A3-1.10 Engine deterioration level. When first used, engines undergo a rapid, initial deterioration in fuel
efficiency. Thereafter, the rate of deterioration significantly decreases. Engines with less than the reference
deterioration level may be used, subject to the approval of the FAA, as stated in § A38.5.2.2.1.7.1. In such a

53



1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736

1737
1738

1739
1740
1741
1742
1743
1744

1745

1746

1747
1748

XX/xx/2021 AC 38-1

case, the fuel flow is to be corrected to the reference engine deterioration level using an approved method.
Engines with more deterioration than the reference engine deterioration level may be used. In this case, a
correction to the reference specification shall not be permitted in accordance with § A38. 5.2.2.1.7.2.

As stated above, a correction should generally not be made for engine deterioration level. If an applicant
proposes to use an engine or engines with less than the reference deterioration level for testing, it may be
possible to establish a conservative correction level to apply to the test fuel flow to represent engines at the
reference deterioration level. Such a correction should be substantiated by engine fuel flow deterioration data
from the same engine type or family and approved by the FAA.

A3-1.11 Electrical and mechanical power extraction and bleed flow. Electrical and mechanical power
extraction and bleed flow both affect the fuel flow.

The engine model should be used to determine the difference between the fuel flow at the test power
extraction (Fuel Flowtestvieed) and bleed flow and the fuel flow at the reference power extraction and bleed
flow (Fuel Flowret bieed). The fuel flow correction for electrical and mechanical power extraction and bleed flow
is determined as follows:

AFuel Flowcorr bleed = Fuel Flowref bleed — Fuel FloOWtest bleed.

A3-1.12 Modifications and non-standard equipment that will not be included on the production airplane. The
test airplane may contain modifications and non-standard equipment, such as flight test instrumentation, that
will not be included on the production airplane. Examples of such flight test instrumentation includes trailing
cones, precision total air temperature probes, air data booms, telemetry antennas, and engine pressure
rakes. Where these modifications or non-standard equipment increase drag or fuel flow, this effect may be
corrected out of the tested drag and fuel flow levels used to determine the SAR used for calculating the FEM.

Appendix 4: Confidence Interval Evaluation

A4-1 Direct flight testing

If n measurements of SAR (11, 32, ...., Jn) are obtained under approximately the same conditions, and it can
be assumed that they constitute a random sample from a normal population with true population mean, g,
and true standard deviation, g, then the following statistics can be derived:

I=n
1
y = estimate of the mean = o {Z Y(i)}

i=1

TENy-5)?

s = estimate of the standard deviation of the mean = —

54



1749
1750
1751

1752

1753
1754

1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787

XX/xx/2021 AC 38-1

From these and the Student t-distribution, the confidence interval, Cl, for the estimate of the mean, y, can be
determined as:

_ S
RIS YN

where t(l_g{) denotes the (1 - %) percentile of the single-sided Student t-test with { degrees freedom (for a
>

clustered data set { = n — 1) and where a is defined such that 100(1 — a) percent is the desired confidence
level for the confidence interval. In other words, it denotes the probability with which the interval will contain
the unknown mean, . For fuel efficiency metric certification purposes, 90 percent confidence intervals are
required and thus t 5 ¢ is used. See Table A4-1 for a listing of values of t o5 ; for different values of ¢.

A4-1.1 Regression model

If n measurements of SAR (J1, J2, ...., n) are obtained under significantly varying values of mass (., x2, ....,
xn), respectively, then a polynomial can be fitted to the data by the method of least squares. For determining
the mean SAR, u, the following polynomial regression model is assumed to apply:

U= Bo+ Bix + Bax?+.....+ Bixk.

The estimate of the mean line through the data of the SAR is given by:

= bo+ bix + bax? +.....+ bixk.

Each regression coefficient (Bi) is estimated by bi from the sample data using the method of least squares in
a process summarized as follows:

Each observation (xi,yi) satisfies the equations:

= Bo+ Buxi + Baxi? +.....+ Brx + €

= bo+ bixi + baxi? +.....+ b + e

where € and ej are, respectively, the random error and residual associated with the SAR. The random error
is assumed to be a random sample from a normal population with mean zero and standard deviation o . The
residual (ei) is the difference between the measured value and the estimate of the value using the estimates

of the regression coefficients and xi. Its root mean square value (s) is the sample estimate for o. These
equations are often referred to as the normal equations.
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Table A4-1. Student t-distribution (for 90 percent confidence) for various degrees of freedom

Degrees of freedom

(3] tos, ¢
1 6.314
2 2.920
3 2.353
4 2.132
5 2.015
6 1.943
7 1.895
8 1.860
9 1.833
10 1.812
12 1.782
14 1.761
16 1.746
18 1.734
20 1.725
24 1.711
30 1.697
60 1.671
>60 1.645

The n data points of measurements (xi,yi) are processed as follows:

Each elemental vector (xi) and its transpose (x) are formed such that:

xi=(1 x x? . . xF), arow vector; and

1

X

7 L
x; =| - |, acolumn vector.

k
Xi

A matrix X is formed from all the elemental vectors xi fori =1,

, . X" is the transpose of X. A matrix A is

defined such that A = X’X and a matrix A is the inverse of A. In addition,y = (31 32 ... »n) and b = (bob: ...

b2), with b determined as the solution of the normal equations:
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1804

1805  y=Xband Xy =XXb=Ab

1806

1807  togive

1808

1809 b =AXlY.

1810

1811  The 90 percent confidence interval Clgo for the mean value of the SAR estimated with the associated value of
1812  the mass xo is then defined as:

1813

1814  Clgo= y (xo) * tes¢s V(Xo)
1815

1816  where v(x,) = xp AT x).
1817

1818  Thus, Clgg = § (xp) + tgs¢ s m,
1819

1820  where:

1821

1822  xo= (1 xoxZ .. xk);

1823

1824  x’- is the transpose of xo;
1825

1826  y (xo) is the estimate of the mean value of the SAR at the associated value of the mass xo;

1827

1828  toes¢is obtained for ¢ degrees of freedom. For the general case of a multiple regression analysis involving K
1829 independent variables (i.e. K + 1 coefficients), {is defined as { = n — K — 1 (for the specific case of a

1830 polynomial regression analysis, for which k is the order of curve fit, there are k variables independent of the
1831  dependent variable, and so { =n -k — 1); and

1832
1833 s = W is the estimate of o, the true standard deviation.
1834
1835

1836  A4-1.2 Worked examples of the determination of 90 percent confidence intervals

1837

1838  Direct flight testing

1839

1840  Example 1: In which the confidence interval is less than the confidence interval limit.

1841

1842 Consider the following set of 6 independent measurements of SAR obtained by flight test around one of the
1843  three reference masses of the CO2 emissions evaluation metric. After correction to reference specifications,
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1844  the following clustered data set of SAR values is obtained:

1845
1846
1847  Table A4-2. Measurements of SAR — Example 1
1848
Measurement Corrected SAR
number (km/kg)
1 0.38152
2 0.38656
3 0.37988
4 0.38011
5 0.38567
6 0.37820
1849
1850  The number of data points (n) = 6
1851
1852  The degrees of freedom (n-1) =5
1853
1854  The Student t-distribution for 90 percent confidence and 5 degrees of freedom (t( o5 5)) = 2.015. (See Table
1855 A4-1)
1856
1857 Note.— 6 is the minimum number of test points required, as stated in § A38.5.3.3.
1858  Estimate of the mean SAR ( SAR ) for the clustered data set:
1859
1860  SAR = - {XiZ7SAR()} = 0.38282 km/kg.
1861
1862  Estimate of the standard deviation(s):
1863
1864 5= \/M — 0.00344 km/kg .
1865
1866
1867  Confidence interval determination
1868
1869  The 90 percent confidence interval (Clgo) is calculated as follows (see 3.3.2):
1870
1871  Cloo= SAR + t(osn1) = = 0.38282 +2.015x °'°3§“ = 0.38282 + 0.00283 km/kg.
1872
1873

1874 Check of confidence interval limits
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The confidence interval extends to +0.00283 km/kg around the mean SAR value of the clustered data set
(0.38282 km/kg). This represents £0.74 percent of the mean SAR value, which is below the confidence
interval limit of 1.5 percent, as defined in § A38.5.3.2.

As a result, the SAR value of 0.38282 km/kg associated to one of the reference masses of the FEM can be
used for the metric determination.

Example 2: In which the confidence interval exceeds the confidence interval limit.
Consider the following set of 6 independent measurements of SAR obtained by flight test around one of the

three reference masses of the FEM. After correction to reference specifications, the following clustered data
set of SAR values is obtained:

Table A4-3. Measurements of SAR — Example 2

Measurement Corrected SAR
number (km/kg)

0.15208
0.15795
0.15114
0.15225
0.15697
0.15834

O 0|~ WIN|F

The number of data points (n) = 6

The degrees of freedom (n-1) =5

The Student t-distribution for 90 percent confidence and 5 degrees of freedom (¢(o5 5)) = 2.015. (See Table
A4-1)

Estimate of the mean SAR ( SAR ) for the clustered data set:

— 1 e
SAR = ~ {ZiZ1SAR;)} = 0.15479 km/kg.

Estimate of the standard deviation(s):

i=n -~ —S4R)?
5= (PRI _ 60033 kg

n—-1

59



1906
1907
1908
1909
1910
1911

1912

1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924

1925

1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939

XX/xx/2021 AC 38-1

Confidence interval determination

The 90 percent confidence interval (Cloo) is calculated as follows (see 3.3.2):

0.0033

V6

Clso = SAR = t(o5n1) 5= = 015479 £ 2.015x = 0.15479 + 0.00271 km/kg.

Check of confidence interval limits

The confidence interval extends to +0.00271 km/kg around the mean SAR value of the clustered data set
(0.15479 km/kg). This represents +1.75 percent of the mean SAR value, which is above the confidence
interval limit of 1.5 percent, as defined in § A38.5.3.2.

In such case, a penalty equal to the amount that the 90 percent confidence interval exceeds +1.5 percent is
applied to the mean SAR value, i.e. (1.75-1.50) = 0.25 percent. The mean SAR value is therefore be
penalized by an amount of 0.25 percent as follows:

SAR = (1 - 22 x 0.15479 = 0.15440 km/kg.

As a result, the SAR value of 0.15440 km/kg associated to one of the reference masses of the FEM can be
used for the metric determination.

Regression model

Example 3: In which the confidence interval at each of the three reference masses of FEM is less than the
confidence interval limit.

Consider the following set of 12 measurements of SAR obtained by flight test at optimum speed and

optimum altitude as a function of the airplane gross mass. After SAR correction to reference specifications,
the following data set is obtained:
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Table A4-4.

(*) Low, mid and high mass represent the reference masses of the FEM, as defined in 838.13(b).

The number of data points (n) = 12

Note.— 12 is the minimum number of test points requested, as stated in § A38.5.3.4.

Measurements of SAR — Example 3

Measurement

number and Gross mass (mi) Corrected SAR (SAR)
reference mass (kg) (km/kg)
1 17,800 0.928
Low mass @ 17,825

2 17,970 0.905
3 18,400 0.908
4 18,850 0.884
5 19,500 0.850
6 19,950 0.845
Mid mass 19,953

7 20,180 0.833
8 20,350 0.818
9 21,000 0.792
10 21,500 0.781
11 21,870 0.779
High mass U 22,080 - I

12 22,150 0.771

A representation of the above measurement points is proposed in Figure A4-5.
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Example 3 — Measured SAR versus gross mass
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Figure A4-5. Measured SAR versus gross mass — Example 3

Estimate of the mean SAR model by polynomial regression

In order to estimate the SAR model (SARav) as a function the airplane gross mass (m), a polynomial
regression of second order is proposed so that:

SARay = Bo + Bt m + B> m2

Each observation (m;, SAR;), for i = 1, ..., 12 satisfies the equation:

SAR() = bo + br mj + b2 mi2 + e

where ei = residual error (difference between the measured SAR value and its estimate).

Under a matrix form this gives:
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SAR1 1 m mi? e1
SAR> 1 me mo? bo e2
1969 SARs |=] 1 ma ma? b1 ]+]| es
: : : : b2 :
SAR12 1 mi2-- mi? e12
1970
1971 SAR=Mb+e
1972
1973 where:
1974
0.928 1 17800 178002
0.905 1 17970 179702
0.908 1 18400 184002
0.884 1 18850 188502 &
0.850 1 19500 195002 bo &)
_ 1 0.845 _ |1 19950 199502 _ _
1975 SAR=| (g33 [M= 1 20180 201802 9'(?) £= 93
0.818 1 20350 203502 2 én
0.792 1 21000 210002
0.781 1 21500 215002
0.779 1 21870 218702
0.771 1 22150 221502
1976

1977  The least square principle consists in looking for the parameter values of vector B, minimizing the sum of the
1978  squares of residuals, i.e.:

1979

1980 Min ;3:12 e’ = min Z%:%Z(SAR@) — bo — b1 mi — b2 mi®)2.

1981

1982 It is equivalent to look for the solutions of a(g:z) =0forj=(0, 1, 2).

1983
Bo

1984  The solution B = <B1> is given by:
B2

1985

1986 AlM SAR (see 3.3.3)

1987

1988  where:

1989

1990 M =transpose of M; and

1991

1992  Al= (M M)!=inverse of (M’ M).

1993

2.402921963
1994 Finally, B = (—0.000120515>; and
2.10695 x10°

1995
1996  SARay =2.402921963 — 0.000120515 m + 2.10695.10°° m2,
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1997
1998  Figure A4-6 provides a representation of the mean SAR model as a function of the airplane gross mass.

1999

Example 3 — SAR model (trend line) versus gross mass
0.95 [ & 1 T
L ™ R S S S s o o Wi Trend line
— > Measured data points
L X
0.90 . High mass
\\}\
‘ ———  Mid mass
\.
%’ : Low mass
=3 0.85 N y
o
x 4
% X
0.80 -
xR
)¢
L
0.75
17000 18000 19000 20000 21000 22000 23000
Gross mass - m (kg)
2000
2001  Figure A4-6. SAR model (trend line) versus gross mass — Example 3
2002

2003 The mean SAR values at each of the three reference gross masses of the FEM are as follows:
2004
2005 Table A4-7. Mean SAR values — Example 3

2006
Mass value Mean SAR value
Reference mass (kg) (km/kg)
Low mass 17,825 0.92418
Mid mass 19,953 0.83710
High mass 22,080 0.76914
2007
2008  Estimate of the standard deviation(s):
2009
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s = \/w = 0.00765 km/kg

n—-K-1
where:
the number of data points (n) = 12;
K = 2 for a second order polynomial regression (see 3.3.3); and

the degrees of freedom (n-K-1) = 9.

Confidence interval determination

The 90 percent confidence interval (Clgo) at an airplane gross mass mo is calculated as follows (see 3.3.3):

Clgo = SARav(mO) + t(.95,n—K—1) S ’@/4_'1 m_o'

where:

the Student t-distribution for 90 percent confidence and 9 degrees of freedom t(gs, 9) = 1.833. (See Table A4-
1);

1
Mo = (1 Mo Me?) and mo’ = <m0>; and
mo®

Al = (M M)?!=inverse of (M’ M).

Figure A4-8 provides a representation of the 90 percent confidence interval as a function of airplane gross
mass.
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Example 3 — 90% confidence interval versus gross mass
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Figure A4-8. 90 percent confidence interval versus gross mass — Example 3

The 90 percent confidence intervals at each of the three reference gross masses of the FEM are as follows:

Table A4-9. Confidence intervals — Example 3

Mass value 90% confidence interval
Reference mass (kg) (kg/km)
Low mass 17 825 Cloo = 0.92418 + 0.00915
Mid mass 19 953 Clgo = 0.83710 + 0.00619
High mass 22 080 Clgo = 0.76914 + 0.00925

Check of confidence interval limits

For each of the three reference gross masses of the FEM, the confidence interval extends around the mean
SAR value by a percentage, as shown in Table A4-10.
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Table A4-10. Check of confidence intervals — Example 3

Mass value 90% confidence interval
Reference mass (kg) (percentage of mean SAR)
Low mass 17,825 (0.00915/0.92418) x 100 = 0.99%
Mid mass 19,953 (0.00619/0.83710) x 100 = 0.74%
High mass 22,080 (0.00925/0.76914) x 100 = 1.2%

The 90 percent confidence intervals at each of the three reference gross masses of the FEM are all below
the confidence interval limit of 1.5 percent, as defined in § A38.5.3.2.

As a result, the following mean SAR values associated to each of the three reference masses of the FEM
can be used for the metric determination:

Table A4-11. Mean SAR values — Example 3

Mass value Mean SAR value
Reference mass (kg) (km/kg)
Low mass 17,825 0.92418
Mid mass 19,953 0.83710
High mass 22,080 0.76914

Example 4: In which the confidence interval of at least one of the three reference masses of the FEM
exceeds the confidence interval limit.

Consider the following set of 12 measurements of SAR obtained by flight test at optimum speed and

optimum altitude as a function of the airplane gross mass. After SAR correction to reference specifications,
the following data set is obtained:
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Table A4-12.

Measurements of SAR — Example 4

Measurement
number and
reference mass

Gross mass (mi)
(kg)

Corrected SAR (SAR))
(km/kg)

1 17,800 0.932
Low mass @ 17,825

2 18,200 0.925
3 18,620 0.913
4 18,890 0.889
5 19,350 0.868
6 19,610 0.848
Mid mass ¢ 19,953 -
7 19,920 0.838
8 20,510 0.830
9 20,790 0.806
10 21,220 0.815
11 21,480 0.779
High mass ¢ 22,080

12 22,100 0.788

AC 38-1

® Low, mid and high mass represent the reference masses of the CO2 emissions evaluation metric, as
defined in §38 §38.13(b).

The number of data points (n) = 12 (minimum required, as stated in § A38.5.3.4).

A representation of the above measurement points is proposed in Figure A4-13.
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Example 4 — Measured SAR versus gross mass
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Figure A4-13. Measured SAR versus gross mass — Example 4

Estimate of the mean SAR model by polynomial regression

In order to estimate the SAR model (SARav) as a function the airplane gross mass (m), a polynomial
regression of second order is proposed, so that:

SARav = Bo + Bt m + B> m2.

Each observation (m;, SAR)), fori =1, ..., 12 satisfies the equation:

SAR() = bo + b1 mi + b2 m2 + e

with ei = residual error (difference between the measured SAR value and its estimate).
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2102  Under a matrix form this gives:

2103
SAR1 1 mi mi? e1
SAR2 1 me mo? bo e2
2104 SARs |=] 1 ma mas? b1 ]+]| es
: : : : b2 :
SAR12 1 mi2-r mi2? e12
2105
2106 SAR=Mb+e
2107
2108 where:
2109
0.932 1 17800 178002
0.925 1 18200 182002
0.913 1 18620 186202
0.889 1 18890 188902 e
0.868 1 19350 193502 bo %
_ | 0.848 |1 19610 196102 _ _
2110 SAR=1 1838 [M=| 1 19920 199202 b'(?) €=l
0.830 1 20510 205102 2 en
0.806 1 20790 207902
0.815 1 21220 212202
0.779 1 21480 214802
0.788 1 22100 221002
2111

2112  The least square principle consists in looking for the parameter values of vector B, minimizing the sum of the
2113  squares of residuals, i.e.:

2114

2115 Min 2;3212 e’ = min Z%Z%Z(SARU) — bo — b1 mi — b2 mi?)2.

2116

2117 It is equivalent to look for the solutions of %:2) =0forj=(0,1, 2).

2118
Bo

2119  The solution B = <B1> is given by:
B>

2120 A'M SAR (see 3.3.3)

2121

2122  where:

2123

2124 M’ = transpose of M; and

2125

2126 Al = (M M) =inverse of (M’ M).

2127

3.26727172
2128 Finally, B =| —0.000205692 |; and
4.21798 x10°

2129
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SARav = 3.26727172 — 0.000205692 m + 4.21798.10° m2.

AC 38-1

Figure A4-14 provides a representation of the mean SAR model as a function of the airplane gross mass.

SAR (km/kg)

Example 4 — SAR model (trend line) versus gross mass

0.95 i i & & T
7 S O W W U W S A e s S Trend line
X Measured data points
0.90 High mass
: Mid mass
EaN
2 —— Lowmass
0.85 X
N X
0.80 N
~ = ’(
0.75
17000 18000 19000 21000 22000

Gross mass - m (kg)

23000

Figure A4-14. SAR model (trend line) versus gross mass — Example 4

The mean SAR values at each of the three reference gross masses of the FEM are as follows:

Table A4-15.

Mean SAR value — Example 4

Mass value Mean SAR value
Reference mass (kg) (km/kg)
Low mass 17,825 0.94100
Mid mass 19,953 0.84238
High mass 22,080 0.78198
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Estimate of the standard deviation(s):

o \/zﬁ;g‘(SAR,-—SARav(,))Z
- n-K-1

=0.01050 km/kg
where:
the number of data points (n) = 12;

K = 2 for a second order polynomial regression (see 3.3.3); and

the degrees of freedom (n-K-1) = 9.

Confidence interval determination

The 90 percent confidence interval (Clgo) at an airplane gross mass mo is calculated as follows (see 3.3.3):

Clgo = SARav(mO) + t(.95 n-K-1)S ’@ A_'1 m_o'

where:

the Student t-distribution for 90 percent confidence and 9 degrees of freedom t(gs, 9) = 1.833. (See Table A4-
1);

1
Mo = (1 mo Mo?) and mo’ = <m0>; and
mo?
Al = (M M) =inverse of (M’ M).

Figure A4-16 provides a representation of the 90 percent confidence interval as a function of airplane gross
mass.
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Example 4 — 90% confidence interval versus gross mass
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FigureA4-16. 90 percent confidence interval versus gross mass — Example 4

The 90 percent confidence intervals at each of the three reference gross masses of the CO2 emissions

evaluation metric are as follows:

Table A4-17. Confidence intervals — Example 4

Mass value 90% confidence interval
Reference mass | (kg) (kg/km)
Low mass 17,825 Clgo = 0.94100 + 0.01399
Mid mass 19,953 Clgo = 0.84238 + 0.00823
High mass 22,080 Clgo = 0.78198 + 0.01505

Check of confidence interval limits

For each of the three reference gross masses of the FEM, the confidence interval extends around the mean
SAR value by an amount provided in Table A4-18.
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2186
2187
2188 Table A4-18. Check of confidence intervals — Example 4
2189
Mass value 90% confidence interval
Reference mass | (kg) (percentage of mean SAR)
Low mass 17,825 (0.01399/0.94100) x 100 = 1.52%
Mid mass 19,953 (0.00823/0.84238) x 100 = 0.98%
High mass 22,080 (0.01505/0.78198) x 100 = 1.93%
2190

2191  The 90 percent confidence intervals at the low and high reference gross masses of the FEM are above the
2192  confidence interval limit of 1.5 percent, as defined in § A38.5.3.4.

2193

2194 In such case, a penalty equal to the amount that the 90 percent confidence interval exceeds +1.5 percent is
2195  applied to the mean SAR values as follows:

2196
2197
2198 Table A4-19. Corrected SAR values — Example 4
2199
Reference Mass value Corrected SAR value
mass (kg) (km/kg)
Low mass 17,825 0.94100 x [1 - (1.52-1.5)/100] =
0.94081
High mass 22,080 0.78198 x [1 - (1.93-1.5)/100] =
0.77862
2200
2201

2202  As aresult, the following mean SAR values associated to each of the three reference masses of the FEM
2203  can be used for the metric determination.

2204
2205 Table A4-20. Mean SAR values — Example 4
2206
Mass value Mean SAR value
Reference mass (kg) (km/kg)
Low mass 17,825 0.94081
Mid mass 19,953 0.84238
High mass 22,080 0.77862
2207

74



2208
2209

2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248

XX/xx/2021

AC 38-1

Appendix 5: References

International Standards and Recommended Practices, Annex 16 to the Convention on
International Civil Aviation, Environmental Protection, Volume Il — Aeroplane CO2
Emissions, First Edition, July 2017, Applicable 1 January 2018, Including Amendment 1
of January 1, 2021

International Standards and Recommended Practices, Annex 16 to the Convention on
International Civil Aviation, Environmental Protection, Doc 9501 Environmental
Technical Volume lll, Procedures for the CO2 Emissions Certification of Aeroplanes,
First Edition, 2018

ASTM International D1655-15 entitled “Standard Specification for Aviation Turbine
Fuels”. This ASTM International publication may be obtained from the ASTM
International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA, 19428-
2959 USA, www.astm.org.

Defence Standard 91-91, Issue 7, Amendment 3, entitled “Turbine Fuel, Kerosene Type,
Jet A-1”. This United Kingdom Ministry of Defence Standard may be obtained from
Defence Equipment and Support, UK Defence Standardization, Kentigern House, 65
Brown Street, Glasgow G2 8EX, UK.

ASTM International D4809-13 entitled “Standard Test Method for Heat of Combustion of
Liquid Hydrocarbon Fuels by Bomb Calorimeter (Precision Method)”. This ASTM
International publication may be obtained from the ASTM International, 100 Barr Harbor
Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA, www.astm.org.

ASTM International D4052-11 entitled “Standard Test Method for Density and Relative
Density of Liquids by Digital Density Meter”. This ASTM International publication may be
obtained from the ASTM International, 100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA, 19428-2959 USA, www.astm.org.

ASTM International D445-15 entitled “Standard Test Method for Kinematic Viscosity of
Transparent and Opaque Liquids (and Calculation of Dynamic Viscosity)”. This ASTM
International publication may be obtained from the ASTM International, 100 Barr Harbor
Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA, www.astm.org.

75



2249

2250
2251
2252
2253
2254
2255
2256
2257

XX/xx/2021

DISTRIBUTION:

Manager, ECO Branch, AIR-7EO

Manager, Seattle ACO Branch, AIR-780
Manager, Atlanta ACO Branch, AIR-7A0
Manager, Chicago ACO Branch, AIR-7CO0
Manager, Los Angeles ACO Branch, AIR-790

Manager, Engine & Propeller Standards Branch, AIR-6A0

76

AC 38-1



XX/xx/2021 AC 38-1

2258 Appendix 6: Advisory Circular 38 Feedback Form

2259

2260 If you find an error in this AC, have recommendations for improving it, or have suggestions for
2261 new items/subjects to be added, you may let us know by (1) contacting the Office of Environment
2262 and Energy’s Emissions Division Manager, AEE-300, at +1-202-267-3566, (2) emailing this form

2263 to ralph.iovinelli@faa.gov or (3) Faxing this for to the Attention of the Emissions Division

2264 Manager at +1-202-267-5594.

2265

2266 Subject: Date:
2267

2268

2269 Please check all appropriate line items:

2270

2271

2272 O Anerror (procedural or typographical) has been noted on page in paragraph
2273

2274

2275

2276

2277 [0 Recommend paragraph on page be changed as follows:
2278

2279

2280

2281 [ Inafuture change to this AC, please cover the following subject: (Briefly describe what you
2282  want added.)

2283

2284

2285

2286

2287 O Other comments:
2288

2289

2290

2291

2292 O Iwould like to discuss the above. Please contact me at this email or telephone number:
2293

2294

2295

2296
2297  Submitted by: Date:
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